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ABSTRACT
At least five depositional sequences of the Quaternary Gubik Formation are defined

acoustically on the Beaufort Sea shelf between i. 
tinuous reflectors on high-resolution acoustic pr
verified with borehole stratigraphy. Seaward dip Ding transgressive sequences onlap a flu
vial sequence of probable Early Pleistocene ag 
sediments are thin to absent on the inner shelf.
reflectors or produces reflectors unrelated to get logic contacts. The distribution of relict
subsea permafrost is integrated into the deposi
mation. Bright and attenuated reflectors are assumed to originate from gas-bearing sed 
iments. Tentative ages of acoustic sequences are derived from correlations to previous
studies. Age-depth relations are compared to a
eustatic sea-levels appear to have been the primary influence on Quaternary deposition.
Sea-ice erosion may limit Holocene marine depo

1 INTRODU

1.1 Objectives

geologistA primary objective of the Quaternary 
a region to global patterns of glacio-eustatic sea-1 
stratigraphy of continental shelves and coastal 
and regressive sedimentary sequences. Correlati 
made provided the chronology and depositional

is to relate the geologic framework of 
vel changes. To accomplish this task, the 

plains is studied to identify transgressive 
ons to global Quaternary history can be 
istory of the region are well understood.

Knowledge of the shallow subsurface geolo;jy 
development of offshore resources. Continued 
Beaufort Sea shelf, including the construction of 
the substrate and subsurface geology. Identifying geolog 
development of the region. Two important hazards 
permafrost and gas-bearing sediment. This 
history that may improve the understanding of 
knowledge of offshore gravel resources may be

stuly

The intent of this report is to define the sha 
and Quaternary geologic history of the Beaufort 
Prudhoe Bay, Alaska (Figure 1-1). Observations 
investigations done on the perimeter of the stud 
reflection surveys improves the regional un<

most

To accomplish the objectives of this report 
from high-resolution acoustic reflection profiles, 
of acoustic reflection profiling. High-resolution 
from several different surveys done with a vari 
type sources provide the acoustic energy for 
and E. Reimnitz, unpublished data; U.S. Geolog 
1981). Additional data consist of 3.5 kHz profiles 
7 kHz data (P.W. Barnes and E. Reimnitz, 
is correlated with borehole data. 14 C dates of 
the chronostratigraphy of acoustic reflectors anc

e Colville River and Prudhoe Bay. Con- 
files define sequence boundaries and are

on the inner shelf. Holocene marine 
Ice-bearing subsea permafrost enhances

ional history of the offshore Gubik For-

ocal (Beringian) sea-level curve. Glacio-

ition.

!TION

has important economic value in the 
development of petroleum resources on the 

ffshore structures, requires knowledge of 
ic hazards is important in the safe 

on the Beaufort Sea shelf are subsea 
provides knowledge of a depositional 

ubsea permafrost distribution. Also, the 
improved.

sha low (< 100 m thick) geologic framework 
Sea shelf between the Colville River and 
are correlated to the results of previous 
area. Correlations to previous acoustic 

understanding of the Quaternary stratigraphy.

the stratigraphy is interpreted primarily 
Appendix 1 reviews the basic principles 
acoustic reflection data were acquired 

jty of acoustic energy sources. Boomer 
of the data in this study (P.W. Barnes 

cal Survey, 1980; Grantz and Greenburg, 
(U.S. Geological Survey, 1980) and some 

unpublished data). The acoustic stratigraphy 
borehole samples provide some insight to 

sequences.
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1.2 Geologic Setting

The Quaternary deposits of the Arctic Coas 
ure 1-1) consist of the Gubik Formation. Thre 
and fluvial deposits are part of the Gubik Form 
Delta (Carter and Galloway, 1982). Several 
have sources in the Brooks Range characterize t 
(Hopkins and Hartz, 1978a). Eoloian sands on 
sitional intervals of the Pleistocene and Holoce 
deposition was significant on the coastal plain 
were stabilized by tundra vegetation (Carter et 
lake deposits and tundra mantle the coastal pi 
river channels cut across the surface.

al Plain adjacent to the study area (Fig- 
terraces consisting of marine, alluvial, 

tion in the vicinity of the Colville River 
coalescing alluvial and glaciofluvial fans that 

e subsurface east of the Colville River 
ihe coastal plain are from several depo- 
e (Carter and Galloway, 1985). Eolian 

until about 8,000 years B.P. when sands 
., 1984). Pleistocene and Holocene thaw 

ain except where active and abandoned

The Beaufort Sea coast is irregular, deeply 
barrier islands, and low bluffs (about 3 m) (H 
fringes of the Colville and Kuparuk Deltas con 
an average rate of 2.1 m/yr due to thermal and 
which progrades at an average rate of 0.4 m/yi 
chains extend from the mainland coast along wi 
island chains originate west of major river mou 
fluvial sediment load may provide sediment nouri 
personal communication, 1987). The Return 
Prudhoe Bay to the Colville Delta and separate 
the open Beaufort Sea. Except for the Eskimo 
island chain is absent west of Thetis Island. Hopk 
Eskimo Islands are part of a Sangamon Stage 
to the Jones Islands. Some of the Jones Islands 
Islands) are Pleistocene coastal plain remnants 
constructional from the Holocene transgression, 
they are actually well reworked coastal plain 
within the study area, Reindeer Island is at the 
from the east.

Figure 1-2 illustrates the bathymetry of the s 
and shallow lagoons, the Beaufort shelf is abou 
isobath) and dips seaward at an average of 0.9 my 
narrow shelf and shallow shelf break suggest a 
(Reimnitz and Barnes, 1974). Some importan 
bench (Barnes and Reimnitz, 1973), 18 m bench 
et al., 1978; Barnes et al., 1987), and shoals asso 
and Maurer, 1978; Reimnitz and Kempema, 1984 
of the year. Bathymetric features relate to sea-ice 
with hydraulic sedimentary processes (Reimnitz 
until there is a break in slope at the 2 m isobath 
2 m isobath can be 10 km wide in Harrison Bay 
areas. The 2 m bench roughly corresponds to th 
ice; therefore, sea-ice may freeze the sea-floor at de 
Barnes, 1974). The 2 m bench is also an impo 
processes of Arctic rivers (Reimnitz and Bruder 
stable fast ice and the mobile pack ice defines th 
et al., 1978). A belt of grounded ice ridges generally

11

mbayed in some areas, and has beaches, 
pkins and Hartz, 1978a). The coastal 
ist of mud flats. The coast retreats at 
storm erosion, except the Colville Delta 
(Reimnitz et al., 1985). Barrier island 

;h associated back barrier lagoons. The 
hs. A net westward littoral drift of the 
hment to the barrier islands (A.S. Naidu, 

and Jones Islands extend west from the 
Simpson Lagoon and Gwydyr Bay from 

Li lands in western Harrison Bay, a barrier 
ins and Hartz (I978a) suggested that the 

strandline. They extended the shoreline east 
Pingok, Bodfish, Bertoncini, and Cottle 

Thetis and Spy Islands appear to be 
While they appear to be constructional, 

remnants (Hopkins and Hartz, 1978a). Also 
end of a barrier island chain that extends

tudy area. Seaward of the barrier islands 
75 km wide to the shelf break (60 m 

km or a gradient of 1:900. The relatively 
regional uplift of the continental shelf 
bathymetric features include the 2 m 
(Reimnitz and Barnes, 1974; Reimnitz 

iated with the stamukhi zone (Reimnitz 
. Sea-ice covers the shelf up to 9 months 
zonation and the interaction of sea-ice 

et al., 1978). The shelf is generally flat 
(2 m bench). The area landward of the 
or as narrow as 0.5 km wide in other 

maximum thickness of the seasonal fast 
pths shallower than 2 m (Reimnitz and 

tant feature in relation to the breakup 
1972). A shear zone between relatively 

s stamukhi zone (Zubov, 1945; Reimnitz 
occur between the 18 and 25 m
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aid
isobaths (Kovacs, 1976; Stringer, 1978). Shoals 
floor dominate the inner shelf between the 10 
shoals form at the inner edge of the stamukhi 
and Kempema, 1984). Reimnitz and Kempem? 
constructed by interaction of sea-ice and curren 
zone relates to a break in geologic character and 
erosion knickpoint (Reimnitz and Barnes, 1974; 
intense ice gouging, seaward of the inner edge 
(Barnes et al., 1987).

that rise up to 10 m above the sea- 
30 m isobaths. Most often the larger 

zone near the 20 m isobath (Reimnitz 
(1984) suggested that these shoals are 

s. Also, the inner edge of the stamukhi 
morphology, called the 18 m bench or ice 

Barnes et al., 1981; 1987). Abrasion, from 
of the stamukhi zone forms this knickpoint

2 PREVIOUS INVESTIGATIONS
Several shallow stratigraphic studies from 

Arctic Coastal Plain Province are relevant to this 
mation of the stratigraphy comes from acoustic 
geological hazards and the engineering characteristics 
acoustic reflection profiles provide information t lat 
frameworks and depositional histories for the Beaufort 
and Thrasher, 1982; Dinter, 1982; 1985; Wolf et

2.1 Onshore Quaternary Stratigraphy

The Gubik Formation of Late Pliocene am 
unconsolidated marine and nonmarine sediments 
(Payne et al., 1952; Black, 1964). Onshore 
marine transgressive sediments that interbed 
onshore Quaternary geology follows.

Early exploration of the North Slope stratigraphy by Schrader (1904) introduced the
name Gubik Sands of Pleistocene age. Later, the
mation (Payne et al., 1952). Black (1964) discussed three units of the Gubik Formation
that essentially represent three sedimentary faci 
raphy to include at least six transgressive units
lake deposits. Brigham (1985) recognized six members within the Gubik Formation based
on stratigraphy and aminostratigraphic dating, 
work with a basal transgressive sequence and 01 
of the Gubik Formation. Carter and Galloway ( 
Brigham's (1985) members to transgressions on
Barrow and Prudhoe Bay. Table 2-1 shows the Late Cenozoic marine transgressions for the
Harrison Bay Quadrangle (Carter and Gallowaj 
150° and 153° West and latitudes 70° and 71°
stratigraphy east of the Colville River to the Canning River consists of fluvial, glacioflu-
vial, eolian, and lacustrine deposits. Marine d 
the Flaxman Member. He defined and mapped 
ages for some deposits (Figure 2-1). Rawlinson
marine cut terraces (Carter and Galloway, 1982)

he Beaufort Sea shelf and the adjacent 
report. On the shelf, most of the infor- 

flection surveys. These surveys delineate 
of the subsurface sediments. The 

enables construction of stratigraphic 
shelf (Reimnitz et al., 1972; Craig 

al., 1985).

Pleistocene age consists of Quaternary 
that overlie Cretaceous or Tertiary rock 

investigations indicate a preserved record of 
deposits. A brief summary of thenor marine

same deposits are named the Gubik For-

s. McCulloch (1967) revised the stratig- 
hat mterbed alluvial, fluvial, eolian, and

She constructed a stratigraphic frame- 
erlying marine deposit for each member 
985) and Carter et al. (1986) correlated 
ihe Arctic Coastal Plain between

1985), an area bounded by longitudes 
North. Rawlinson (1986) indicated the

posits are absent with the exception of
several stratigraphic units and provided
(1986) was unable to extend the three

md the three or more transgressive units
of the Gubik Formation of the Harrison Bay Quiidrangle (Carter and Galloway, 1985) to 
deposits east of the Colville River. Based on this observation, he proposed three alterna 
tive explanations for the stratigraphy east of the Colville River. The alternatives are that 
1) fluvial deposits eroded and eventually excavated the terraces, 2) marine terraces are 
not deposited where fluvial deposits exist, and 3] marine terrace deposits underlie fluvial 
deposits. Undocumented reports of shells in the :>ase of a gravel pit support the third

13



Table 2-1. Marine transgressions of the Harrison Bay Quadrangle and correlation of 
transgressions on the Arctic Coastal Plain (after Carter and Galloway, 1985).

AMe/Me1

Transgression

Peluklan

Flshcreeklan 

Blgbendlan 

CoMIHan

MaxlMUM 
Elevation 

Reached ( )

7

10

25 

>35,<60

>40,<60

Aje

70 Ka to 80 Ka 

120 Ka to 130 Ka

>158 Ka

> 2.48 Ma 

< 3.5 Ma

Colvllle River/ 
Fish Creek 

Area

.136 t .014 (I?) 3 

.236 i .022 (B) 3

Chukchi Sea 
Coast Area

.014 » .002

.038 + .007

.090 f .018 

.150 * .025 

.235 » .017

Tentative Correlation 
with Hook Ins (1967)

Pelukian

AnvlHan 

Berlngian

\ Ratios for the total fraction for Htatella arttca. 
\ Fro* Bright*. 1985. 
3 NiNber of analyses.

/*

Cl Co<»ill» Irrncr I. 1*1* Pliocvn* rarly Plmlocrnc

CM Co<»ilk t»n«c» II middlf Pl*«lorrnr

Clll CnlviHr Irrrcrr III. Sinfimitnwn

US llfnunvik und. middle l«t» Wnrnminin

U(i Ufnurtvik gravel, IHmrxtn S*n(imnnnn

PC PHI oul«nh. litr Wnriiminin

EXPLANATION

PA PH!  lluvium, middl*

CO Canning |r«v*l. Id* W«eoMin*n

F Pl«inun Fm . «*rly Wncomin«n

T Tcrlwry. undif(»r»nli»l«<l

Q«l Flood nlun ind l*rt»c» illuvium. undirr*r*nti«l*d

  Known Fltxmtn lilholofr occnranr*

"  -^ >- PiiMilrtr Ft*«min or nMrr nutin» tnorrlmr

Figure 2-1. Map of Late Cenozoic deposits of the Arctic Coastal Plain. Map boundaries 
are dashed and stratigraphy is shown in descending order, separated by a slash. 
Units are queried where uncertain. Gravel pit locations are shown with a dot. (after 
Rawlinson, 1986).

14



possibility.

Leffingwell (1919) named the youngest 
coastal plain the Flaxman. He described the 
that are foreign to Alaska. The Flaxman Forma 
the Gubik Formation (Dinter, 1985). Also, the 
rately described as a glacial marine diamicton 
1987). The Flaxman Member is found below 
(McCarthy, 1958; Hopkins, 1982). Transport 
range from pebble to boulder size, of the Flaxm in 
Canadian Arctic (McCarthy, 1958; Naidu and 
Mowatt and Naidu, 1974; Rodeick, 1979). Imp 
sition of ice-rafted clasts may be important wh 
sequences on the Beaufort Sea shelf.

Hopkins and Hartz (1978a) summarized tl e geology of the Alaskan Arctic Coastal 
Plain. West of Oliktok Point, a Pelukian (Sangamon Stage) strandline ridge divides the 
coastal plain into inner and outer sections. Beneath the inner region, south of the Pelukian 
ridge, the Gubik Formation consists of Pleistocer e marine pebble sands, Pleistocene eolian 
dune fields, and Pleistocene and Holocene sand]
al., 1977; Carter and Robinson, 1978). The outer

pie-Holocene transgressive deposit on the 
lithology as a glacial till containing clasts 
tion is now considered to be a member of 

laxman Member lithology is more accu- 
D.M. Hopkins, personal communication, 

a titudes of 7 m and is a few meters thick 
:>y ice-rafting of the erratics, clasts that 

Member originate from a source in the 
owatt, 1974; Barnes and Reimnitz, 1974; 
cations of sediment transport and depo- 

en considering transgressive depositional

alluvial plains and deltas. (Williams et 
coastal plain, north of the Pelukian ridge,

is underlain primarily by the compact pebbly marine silt of the Flaxman Member. East 
of Oliktok Point there is a marked increase in gravel content within the Gubik Formation. 
The increase in grain size is attributed to a seriesl of coalescing alluvial and glacial outwash 
fans that underlie the coastal plain. The fans originate from the Brooks Range and extend 
to the Beaufort Sea coast where they overlap near coastal embayments such as Prudhoe
Bay. The fan convergences are interpreted as >aleovalleys that were excavated during
sea-level lowstands (Hopkins et al., 1979). The 7laxman Member usually is deposited on 
promontories between paleovalleys of the coast, t ms suggesting the Flaxman Member was
removed during the incision of the valleys (D.M. lopkins, personal communication, 1987).

A regional grain size trend within the Gubi 
gravel are more common east of the Colville Rive 
west (see Briggs, 1983). Shallow borehole logs 
of Harrison Bay (Mead and Brockett, 1982) con

Formation demonstrates that sand and 
r, and muds and silty sands extend to the 

tt at penetrate the Gubik Formation south 
rm increasing grain size to the east.

Investigations of the Arctic Coastal Plain 
record of transgressive marine deposits that int 
and lacustrine sediments. Onshore studies prov 
level highstands, whereas the offshore must be 
of sea-level lowstands and transgressions that 
(Dinter, 1985).

2.2 Offshore Quaternary Acoustic Stratigraphy

rovince indicate a fairly well preserved 
rbed non-marine alluvial, fluvial, eolian, 
de an understanding of Quaternary sea- 
investigated to determine the position 

lave peaked below the present sea-level

Investigations using high-resolution acoust 
Formation to the Beaufort Sea shelf (Reimnitz 
et al., 1977; Craig and Thrasher, 1982; Dinter,

Reimnitz et al. (1972) identified three ac 
Simpson Lagoon. The inferred Pleistocene sequ 
formably overlies the Tertiary Sagavanirktok 
the stratigraphy of Howitt (1971) by tying struct 
holes. Correlation of the acoustic sections with
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reflection methods extend the Gubik 
t al., 1972; Barnes et al., 1977; Reimnitz 

1982 and 1985; Wolf et al., 1985).

mstic sequences in and just seaward of 
;nce, between horizons A and B, uncon- 

Fon nation. They extrapolated the ages from 
re contours of horizon B to onshore bore- 
the boreholes assumed a relatively high



sound velocity of 4500 m/s. This may be reasonable, since acoustic velocities at 4500 
m/s in ice-bonded gravel are possible (Roethlisberger, 1972). Reimnitz et al. (1972) also 
contended that a reflector (horizon A) is the base of Holocene marine sediments. They 
considered the Holocene marine sequence to be above horizon A, with a thickness and 
distribution shown in the isopach map in Figure 2-2. The sediments above horizon A are 
yet to be confirmed as Holocene marine by dating of borehole samples.

Acoustic stratigraphy extends the Gubik Formation to the offshore of Harrison Bay. 
Craig and Thrasher (1982) tentatively identified three acoustic sequences in Harrison Bay 
that may correlate to the sequences observed by Reimnitz et al. (1972). A low angle 
unconformity observed on common depth point (CDP) profiles at a depth of 100 m rep 
resents the inferred base of the Gubik Formation (Craig and Thrasher, 1982). Craig and 
Thrasher (1982) recognized the upper boundary of the Pleistocene in interpretations of 
3.5 kHz profiles. They suggested that this boundary may be a remnant surface of the 
coastal plain that has been transgressed by Holocene marine deposits. The hummocky 
relief of the reflectors observed in 3.5 kHz profiles may represent buried channels, thaw 
lakes, and a tundra thermokarst surface similar to the present coastal plain. Craig and 
Thrasher (1982) informally named the Pleistocene nonmarine deposit Unit A and inter 
preted an acoustically transparent unit above Unit A to be Holocene marine deposits. 
Isopachs of the inferred Holocene marine unit thickens from 2 to 25 meters in a seaward 
direction. They interpreted an abrupt change from thin to thick Holocene sediments as 
a paleoshoreline. Craig and Thraser (1982) suggested that a Pleistocene marine sequence 
(Unit B) is distributed seaward of the shoreline feature beneath thick (25 m) Holocene 
marine deposits. The ages of Craig and Thrasher's (1982) acoustic sequences are tentative 
until the stratigraphy is dated.

Craig and Thrasher (1982) suggested that subsea permafrost and gas-bearing sedi 
ment may influence the acoustic character of shallow reflectors in Harrison Bay. Vralsted 
(1986) agreed that subsea permafrost and gas-bearing sediments affect the acoustic char 
acter and relief of reflectors. He correlates ice-bonded layers from borehole logs to strong 
flat acoustic reflectors. If the paleoshoreline observed by Craig and Thrasher (1982) is 
a permafrost feature, it may represent a change in the depth to the ice-bonded surface 
(Craig et al., 1985). The abrupt drop in reflector depth, originally interpreted as a buried 
bluff, may represent a drop off in the depth to ice-bonded sediments. Vralsted (1986) con 
tended that where several reflectors are observed, such as seaward of the paleoshoreline, 
the subsurface may be more transparent to acoustical energy, thus deeper penetration is 
achieved. He suggests that a possible decrease in ice content would increase transmission 
of the acoustic signal deeper in the sub-bottom. This acoustic anomaly has yet to be 
confirmed as a paleoshoreline, gas, or subsea permafrost feature.

Seven distinct acoustic reflectors are identified on the inner Beaufort Sea shelf between 
Prudhoe Bay and the Canning River (Wolf et al., 1985). Of the seven reflectors, five are 
described as erosional unconformities. Two unconformities (surfaces 3 and 4) are extensive 
over the inner shelf and are interpreted as erosional surfaces of sea-level lowstands. The 
erosoional events were followed by sea-level transgression and the deposition of several 
meters of shallow marine sediment on the inner and middle shelf. These marine and 
deltaic deposits grade to fluvial outwash near the present coast. A structure contour of 
surface 4 (Figure 2-3) shows one of the major erosional unconformities (Wolf et al., 1985). 
Surface 3 is an older erosional surface that is similar to surface 4 (Figure 2-4). Surface 
3 and 4 converge to the west of Prudhoe Bay until surface 4 onlaps and erodes surface 3 
(Figure 2-4). Wolf et al. (1985) suggested that a hummocky reflector (surface 5) could
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Figure 2-2. Tentative Holocene marine sediment 
A. Thicknesses are based on a sound velocity 
1972).

sopach map for sediments above horizon 
of 1500 m/s (after Reimnitz et al.,
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Figure 2-3. Structure contour of surface 4 (after 
(Harding-Lawson, 1979) are shown with dots 
perbolics, is a region where seismic profiles 
Interpretations of the hyperbolic reflectors a 
Neave et al. (1981), and Wolf et al. (1985).
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show numerous hyperbolic reflectors, 
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Contour interval 5 milliseconds 

I40 Borehole location

Cut & fill turf»ct 
tfcru 4 tt abtvt 3
14 MMC 4«sp

Cut & fill
MWl Ml** 4

Figure 2-4. Structure contour of surface 3 (after Wolf et al., 1985). Borehole locations 
(Harding-Lawson, 1979) are shown with dots. The hachured area, labeled surface 
3=4, is where the erosional event that formed surface 4 has removed the deeper 
surface 3. PBT is a region where seismic profiles show numerous hyperbolic reflectors. 
Interpretations of the hyperbolic reflectors are discussed by Reimnitz et al. (1972), 
Neave et al. (1981), and Wolf et al. (1985).
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represent a remnant coastal plain surface. They 
the reflector could be from an ice or gas-bearing 
map as surface 5? is queried because of the 
Sediments above surface 5? represent the 
2-5). The sequence above surface 5? is restricted 
deposits are protected from the erosive action 
chain, surface 5? does not exist and the 
located seaward of the barrier island chain an< 
surface 5?.

(19*2)

also offered an alternative hypothesis, that 
sediment interface. Another reflector they 

uncertainty of the correlation to surface 5. 
distribution of Holocene marine deposits (Figure 

to lagoonal and embayed regions where 
' sea-ice. Seaward of the barrier island 

is an erosional surface. Surface 5 is 
appears to be stratigraphically below

sea-floor

On the outer Beaufort Sea shelf, Dinter 
as the once subaerially exposed surface of the L 
(1982) named the deposit below the Pleistocen 
terpreted Unit B as a nonmarine deposit. Typi 
to be a barrier chain that formed during the 
preserved along the seaward extent of Unit B. 
ent seaward thickening wedge of Holocene sedim 
suggested that the Unit A represents deposition 
lowstand of the Late Wisconsin, thus part of Un 
the Pleistocene-Holocene boundary of 10,000 
indicated that up to 45 m of sediment comprise 
outer shelf. Unit A wedges out or is too thin to 
middle shelf.

Dinter (1985) showed that the Holocene sediment wedge is thickest in two structurally 
controlled basins near Camden Bay. Observations show that recent seismic events are 
active in the Camden Bay area; the western two thirds of the Beaufort shelf is over the 
more stable Arctic Platform and is not associated with recent seismicity (Biswas and 
Gedney, 1979; Grantz et al., 1983). Two structural depressions, termed the Eastern
and Western Wedge Terranes, occur along the

interpreted a strong acoustic reflector 
,te Wisconsin sea-level lowstand. Dinter 
Holocene unconformity Unit B and in- 

:ally, a broad hummocky ridge, inferred 
sea-level lowstand of the Late Wisconsin, is 

Unit B underlies an acoustically transpar 
ent that Dinter (1982) called Unit A. He 
that began after the maximum sea-level 
t A may be older than the formal age of 

yeirs B.P. (Hopkins, 1975). Dinter (1982) 
the Holocene transgressive wedge on the 
>e acoustically resolved shoreward of the

flanks of the Camden Anticline. Thick
sequences of the Gubik Formation, including Units A, B, and older transgressive wedges 
and regressive units, form deposits in the Eastern and Western Wedge Terranes (Dinter, 
1985). Dinter (1985) summarized his observations of deposits in the wedge terranes by 
comparing reflector termination elevations to g obal sea-level curves. He is unable to 
define the chronostratigraphy with confidence since ages of the acoustic sequences are not 
available.

The presence of surficial relict gravel deposit 
tion on the outer shelf. (Barnes and Reimnitz, 
1979; Reimnitz et al., 1982). Dinter (1983; 198 
could have been deposited during the Holocene 
tation model, similar to Rodeick's (1979) model 
to the outer shelf at the onset of transgression, 
ice-rafted sediment flux decreased in the latter 
observations indicate that transport of gravel by 
insignificant (Barnes and Reimnitz, 1974; Naidu,

Correlation of acoustic and borehole stratigraphic relationship! 
Beaufort shelf and the Alaskan Beaufort shelf sug rest 
Dinter (1982; 1985) proposed (S.M. Blasco, persor al 
suggests that Dinter's (1985) correlation of acoustic 
be shifted to a relatively older age; Unit A would
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contradicts recent Holocene sedimenta- 
1974; Naidu and Mowatt, 1974; Rodeick, 

) contended that relict gravel deposits 
transgression. He considered a sedimen- 

of ice-rafting transport and deposition 
Dinter (1983; 1985) suggested that the 

part of the Holocene transgression. Field 
ce-rafting on the outer shelf is presently 
1974; Rodeick, 1979).

s between the Canadian 
an older relative age of Unit A than 

communication, 1987). This evidence 
sequences to sea-level curves might 

be a Pleistocene deposit.



EXPLANATION 

  6or«hol* location 

Coniouf* in trunti 

Number* in m«urt ol
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Figure 2-5. Isopach map of Holocene sediments between Surface 5? and the sea-floor. 
Borehole locations (Harding-Lawson, 1979) are shown with dots. Arrows and numbers 
indicate the location and incision depth of buried channels. Seaward of the dashed 
hachured line, the hachured area is an erosional sea-floor that lacks Holocene sediment 
(after Wolf et al, 1985).

20



In general, previous investigators agree that Holocene marine sediments are a few 
meters thick or absent on the inner shelf. Seven il of the following processes may account 
for this observation:

1) Spring breakup of major North Slope 
load over sea-ice as much as 15 km on to the 
Reimnitz and Bruder, 1972; Walker, 1974; 
one reason for thin delta front deposits on

rivers results in bypassing of the suspended 
inner shelf (Barnes and Reimnitz, 1972; 

Cannon and Rawlinson, 1981). This process is 
Alas] :an Arctic deltas.

period

2) Flood waters that flow over sea-ice during 
cracks (strudels) in the ice and result in scourin 
et al., 1974). Reimnitz et al. (1974) measured th 
an echosounder. Craters are as much as 4 m 
process may account for further erosion and 
and Kempema (1982) suggested that Alaskan 
to a depth of at least 2 m in a 2,300 year 
occur on acoustic profiles where strudel scour 
(Reimnitz et al., 1974).

3) Hydraulic sorting and erosion of sea-floor sediments also influence deposition of 
Holocene sediments. Landward of the 2 m bench, wave-induced currents rework delta 
front sediments during a 3 to 4 month open water season (Naidu and Mowatt, 1975). 
Landward of the 15 m isobath, storm currents rework sediments to depths of 10's of cm 
(Barnes and Reimnitz, 1979).

4) Ice gouging from the plowing action of sea-ice keels frequently reworks and resus- 
pends sediments. The most intense ice gouging 0ccurs between the 20 and 60 m isobaths 
(Barnes and Reimnitz, 1974). The maximum depth of an ice gouge is measured at 4 m 
near the 20 m isobath in Harrison Bay, and the mean gouge depth is 0.56 m (Barnes et al., 
1984). Continuous ice gouging of the sea-floor over long time periods may form shallow

spring breakup eventually enter holes and 
and cratering of the sea-floor (Reimnitz 

e dimensions of strudel scour craters with 
and 20 m across. The strudel scour 

reworking of delta front sequences. Reimnitz 
Arctic delta fronts may be entirely reworked 

A chaotic reflector configuration may 
has reworked the sub-bottom sediments

reflectors observed on the Beaufort Sea shelf (O'
et al., 1985). Reimnitz et al. (1982) contended tiat ice gouging processes negate the pos 
sibility of observing internal reflectors within a I 'olocene marine acoustic sequence. They 
deduced from this logic that the first reflector o aserved on acoustic records is the maxi
mum thickness of the Holocene marine sequence 
on acoustic reflection data from the Canadian

O'Conner (1980) referred to a sequence 
Beaufort Sea as a paleoscour zone. He

suggested this sequence was formed by pervasive ice gouging during the Holocene trans 
gression. Wolf et al. (1985) suggested that sue i reflectors should not be confused with 
the Pleistocene-Holocene interface, since ice gouging may mix older Pleistocene sediments 
with Holocene marine deposits.

5) In the Camden Bay area, local Quaternary 
marine deposits over structural highs (Reimnitz

Temporary Holocene marine deposition on 
ronments. Holocene marine deposits may accumulate 
protected embay ments, as these areas are relatively 
sea-ice (Wolf et al., 1985). Erosive spots are locdly 
boulder lag deposit located near Prudhoe Bay (F 
(1985) suggested that most of the inner shelf is an 
porary sediment traps. They indicated that some 
are reworked and bypassed to the outer shelf anc 
Basin. Holocene marine deposits infill strudel scour
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!onner, 1980; Reimnitz et al., 1982; Wolf

uplift restricts accumulation of Holocene 
et al., 1982; Grantz et al., 1983).

the inner shelf occurs in several envi- 
in back barrier environments and 

sheltered from the erosive action of 
observed in lagoonal areas such as a 

eimnitz and Ross, 1979). Reimnitz et al. 
erosional surface, and lagoons are tem- 
of the sediments deposited in lagoons 

may eventually be deposited in Canada 
craters which would increase Holocene



deposits locally. Measurements of bedload transport from infilling rates of Strudel scour 
craters indicate that craters fill within 2 to 3 years (Reimnitz and Kempema, 1982).

Evidence from high-resolution acoustic stratigraphy suggests that the Gubik Forma 
tion extends from the Arctic Coastal Plain Province to the Beaufort Sea shelf. Sparker 
and CDP profiles show the inferred base of the Gubik Formation. Boomer and 3.5 kHz 
profiles identify transgressive and regressive Quaternary units that may correlate to the 
Gubik Formation on land. Present correlations are tentative until the acoustic sequences 
can be dated. The previous work done on acoustic stratigraphy indicates that Quaternary 
stratigraphic units are layered, dip seaward, and usually thicken seaward, except where 
structural deformation is active in the Camden Bay region. Reflectors between Prudhoe 
Bay and the Canning River are commonly truncated at the sea-floor on the inner shelf. 
This suggests the inner shelf is erosional or at least nondepositional in this region.

2.3 Offshore Quaternary Borehole Stratigraphy

Investigations of the stratigraphy of nine boreholes drilled as part of the Outer 
Continental Shelf Environmental Assessment Program (OCSEAP) (Hopkins, 1977; 
Chamberlain et al., 1978; Hopkins et al., 1979; Smith and Hopkins, 1979) and twenty ad 
ditional boreholes acquired by the U.S. Geological Survey (Harding-Lawson, 1979; Hartz 
et al., 1979; Smith, 1985; 1986) contribute to the knowledge of the nearshore Quaternary 
stratigraphy between the Kuparuk and Canning Rivers. In general, the upper sections of 
some of the core samples indicate up to 10 m of Holocene marine mud and fine sand are 
deposited over Holocene beach sand. Other boreholes show older, often overconsolidated 
(Chamberlain et al., 1978), marine muds that Hartz et al. (1979) suggested to be Sang- 
amon marine and Flaxman Member deposits. Marine sediments overlie Pleistocene age 
outwash sand and gravel. Deeper yet, in the boreholes, are thick alluvial gravels that may 
reach depths of at least 100 m (Smith et al., 1980).

A paleovalley system is believed to exist on the inner Beaufort Sea shelf (Hopkins, 
1977). This hypothesis is based on borehole stratigraphy and bathymetry (Smith et al., 
1980). The boreholes show a trough that is ponded with Holocene marine sediment up 
to 10 m thick and filled with a thick deposit (> 90 m) of Pleistocene gravel. Smith et al. 
(1980) suggested a paleovalley depositional model that relates subsea permafrost distri 
bution and thickness. Holocene marine sediments mantle thick non-bonded gravels. The 
non-bonded gravel represents paleovalley fill. The confining margins of the paleovalleys, 
the flanks of the trough, are defined in boreholes that show Pleistocene marine sediments 
deposited over ice-bonded gravels. Their depositional model suggests that a paleovalley 
extends on to the Beaufort shelf from the Sagavanirktok River (Smith et al., 1980). The 
Sagavanirktok paleovalley may turn westward from Prudhoe Bay and eventually meet with 
paleovalleys of the Kuparuk and Colville Rivers (Hopkins, 1987). A subsurface lithologic 
fades change between Oliktok Point and Thetis Island shows sand and gravel to the east 
and mud in the west (Hopkins, 1987). In addition, industry shothole lithologic logs (Erk 
Reimnitz, unpublished data) suggest the same trend exists for transects that extend from 
the coastal plain to the seaward side of Thetis Island (see Briggs, 1983). It is unknown 
if this trend represents the western edge of the Colville River paleovalley or is related to 
some other geologic boundary. The upper 30 m of the coastal plain, south of Harrison 
Bay, increases in grain size to the east (Mead and Brockett, 1982).

A detailed paleostratigraphic analysis, from seven of the twenty boreholes acquired 
west of Prudhoe Bay by the U.S. Geological Survey (Harding-Lawson, 1979), defines twelve 
depositional units (Smith, 1985). This study uses textural, microfaunal, and isoleucine 
epimerarization to establish ages and depositional environments for the sedimentary units.
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The sedimentary units may represent up to ei 
fluvial and glaciofluvial sediments ranging from 
informally named these units and correlated then 
Lagoon Unit (Middle Pleistocene) correlates to 
and 4 (Figures 2-3 and 2-4) (Wolf et al., 1985) 
Unit confirms the erosional unconformity interpi 
Island Unit (Late Pleistocene) overlies surface 
Sound, the Cross Island Unit contains Flaxman 
Sound Unit (Holocene). The five remaining 
islands do not contain the Stefansson Sound 
sea-floor that occurs on the inner shelf seaward c 
marine deposits of the Stefansson Sound Unit co: 
surface 5? (Figure 2-5) (Wolf et al., 1985).

2.4 Subsea Permafrost and Gas-bearing Pediments

bt transgressive sequences that interbed 
Pliocene to Holocene age. Smith (1986) 

i to acoustic stratigraphy. The Leffingwell 
the acoustic sequence between surface 3 
The contacts of the Leffingwell Lagoon 

etations of surfaces 3 and 4. The Maquire 
In two boreholes located in Stefansson 

Like deposits that underlie the Stefansson 
oreholes located seaward of the barrier 

which is consistent with the erosional 
f the islands (Wolf et al., 1985). Holocene 
rrelate with the acoustic sequence above

Uiit

Ice-bonded subsea permafrost exists in the 
Osterkamp and Harrison, 1978a and 1978b; 
Sellmann, 1984; Vralsted, 1986) as do gas-bean ig 
and Thrasher, 1982; Grantz et al., 1982). Gas 
complicate acoustic stratigraphic interpretation 
nificant reflection coefficients because of their large 
gas confined by stratigraphy enhances reflectors 
horizons may be misinterpreted as stratigraphi 
conform to stratigraphy. Also, gas may attenuate 
in the data. For the above reasons, I include 
gas-bearing sediments in this report.

study area (Hopkins and Hartz, 1978b; 
Morack and Rogers, 1984; Neave and

sediments (Boucher et al., 1980; Craig 
and ice in the sub-bottom sediments can 
Ice or gas-bearing sediments produce sig- 

acoustical impedance contrasts. Ice or 
of geologic features. Gas and ice-bearing 
horizons if gas and ice interfaces do not 

the acoustic signal and cause voids 
a brief review of subsea permafrost and

Temperature alone defines subsea permafr 
that maintains a negative temperature (< 0°C) 
1947). Subsurface sediment temperatures on th 
ever, the sediments may not be ice-bearing. Saliiity 
depress the freezing point so that sediments ma

Subsea permafrost can also be described vi 
Sediments are described as ice-bearing when ice 
does not indicate the volume of ice present. S 
to bond sediment is called ice-bonded. Partial! 
and ice phases within the sediments, and non-b

havingIce-bonded subsea permafrost is relict 
exposed during sea-level lowstands, and climate 
to aggrade in the sediments. Subsequent 
permafrost if the sea water temperature is pos 
subsurface sediments. It is shown that subsea 
solidated muds essentially cap the permafrost 
1980).

Ice-bonded frozen sediments can form in t 
sea-floor may freeze during sea-ice formation. E 
as sea-ice forms, sinks to the bottom and freez 
water (Sellmann and Hopkins, 1983; Reimnitz 
the sea-floor may freeze as grounded fast ice fir

ost. Permafrost is any ground material 
xmtinually for two or more years (Muller,

Beaufort shelf are often negative; how- 
increase from sea water intrusion can

be partially-bonded or non-bonded.

iually by the ice content of the sediment, 
is present. This is a qualitative term that 
diment that contains enough ice volume 
-bonded permafrost contains both water 
nded permafrost lacks ice content.

formed when the shelf was subaerially 
conditions were favorable for permafrost 

transgressions that flood the shelf will thaw 
tive (> 0°C) or if salt intrudes into the 
permafrost is preserved where overcon- 

rith an impermeable layer (Smith et al.,

e marine environment. Sediments of the 
Hypers aline water, formed by salt rejection 

s the relatively less saline sediment pore 
5t al., 1985). Inside of the 2 m isobath, 
jezes directly to the seabed (Barnes and
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Reimnitz, 1973). These processes that freeze the sea-floor seem to be annual, thus frozen 
surficial sediments are not preserved for the entire year (Reimnitz et al., 1985). This type 
of freezing of the sea-floor is not defined as permafrost. Sellmann and Hopkins (1983) dis 
cussed another process that may form ice-bonded subsea permafrost under the influence 
of major rivers. River discharge may decrease salinities of sea water near river deltas. 
Coarse grained deposits may act as aquifers to the "freshened"sea water. The intersti 
tial water associated with the coarse grained deposits may freeze to produce ice-bonded 
permafrost. This type of subsea permafrost may occur in association with the Mackenzie 
Delta in the Canadian Beaufort and possibly other Alaskan Arctic deltas (Sellmann and 
Hopkins, 1983).

Acoustic and seismic refraction methods detect ice-bearing sediment on the Canadian 
and Alaskan Beaufort shelf. Seismic refraction methods are used to measure high compres- 
sional wave velocities that are associated with ice-bonded permafrost (Hunter et al., 1974; 
Morack and Rogers, 1984; Neave and Sellmann, 1984). Velocities higher than cutoff points 
are interpreted as ice-bonded permafrost. Depending on the study, the cutoff point can 
range from 2000 m/sec to 2400 m/sec. Acoustic reflection methods are employed in detect 
ing subsea permafrost. O'Conner (1977) proposed the term acoustic permafrost (APF) to 
identify subsea permafrost with high-resolution acoustic profiles. Several types of APF are 
hummocky APF islands, stratigraphically controlled APF, continuous, and discontinuous 
APF (O'Conner, 1981; Blasco, 1983). High amplitude hummocky reflectors that occur 
in isolated patches or "islands" usually correspond with massive coarse grained deposits 
(Blasco, 1983). APF reflectors may be confined to relatively coarse grained stratigraphic 
horizons. Discontinuous APF results from discontinuous permafrost or partially-bonded 
permafrost. Detection of subsea permafrost with reflection and refraction methods is 
useful in measuring the depth to ice-bonding as well as the aerial extent of ice-bearing 
sediments. Visual evidence from boreholes must be used to confirm acoustic methods.

Several boreholes encounter ice-bearing sediments in Harrison Bay, Prudhoe Bay, 
and Stefansson Sound. In addition, thermal probes infer ice-bearing sediments exist in 
the study area. In Prudhoe Bay and Stefansson Sound, the depth to ice-bonded sediments 
may be shallow in the subsurface (< 10 m) or as deep as 140 m. The variation in thickness 
of non-bonded permafrost is explained by the distribution of non-bonded paleovalley fill 
(Hopkins, 1977). Permafrost is preserved near the surface where over-consolidated muds 
are distributed between paleovalleys. Borehole temperature profiles infer that ice-bearing 
sediments are present at 12 m below the sea-floor in Harrison Bay (Osterkamp and 
Harrison, 1982). Industry boreholes confirm ice-bearing and ice-bonded sediments 6 to 
9 m below the sea-floor in Harrison Bay (EBA Engineering and McClelland Engineers, 
1982).

Gas-bearing sediments may appear as high amplitude reflectors, velocity pulldown, 
or attenuated (acoustically turbid) zones on acoustic profiles. Gas-enhanced reflectors 
and acoustically turbid zones occur on the middle and outer Beaufort shelf (Grantz et 
al., 1982). On the inner shelf, high amplitude reflectors, high frequency attenuation, and 
reflector pulldown imply that shallow gas occurs. Craig and Thrasher (1982) showed that 
gas seeps are associated with shallow faults in Harrison Bay. Neave and Sellmann (1984) 
also mapped possible shallow gas in Harrison Bay based on attenuation of high frequency 
acoustic signals. A borehole (Harding-Lawson, 1979) confirms gas corresponding to a high 
amplitude reflector in the subsurface of Stefansson Sound (Boucher et al., 1980).

Gas hydrates, a form of clathrate, are composed of molecules of gas that are trapped 
within the expanded lattice of water molecules (Macleod, 1982). Gas hydrates occur in
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some deep ocean sediments and permafrost areas. Deep water gas hydrate reflectors occur
on the outer Beaufort slope below 300 m (Grant; 
onshore in the Prudhoe Bay region at or below
McMenamin, 1980; Collett, 1983). Neave and Selmann (1982) suggested that shallow gas 
in Harrison Bay may originate from gas hydrates associated with underlying degrading 
permafrost. They note that in situ formation 
for shallow gas-charged sediments. O'Conner
concentrations occur in zones of degrading permafrost on the Canadian Beaufort shelf.

3 DATA BASE 
3.1 High-resolution Acoustic Reflection Data

The U.S. Geological Survey, Branch of Pacific Marine Geology, provided most of 
the high-resolution acoustic reflection profiles used in this report (P.W. Barnes and E. 
Reimnitz, unpublished data). The data consiste< 
primarily boomer type acoustic energy sources.
aquisition on the inner Beaufort Sea shelf. Acoustic data collection began in 1970 and 
continued until 1983. An EG&G Uniboom system was employed in 1972 and was replaced 
with an ORE Geopulse system in 1983. The O rlE Geopulse generally produced higher
quality data than the the Uniboom system. The
and broad band frequency provided deeper penet
boomer systems operated with various parameters for different lines and field seasons. 
In general, the Uniboom transmitted pulses wit i a peak frequency of 2.5 kHz while the
Geopulse operated within a bandwidth of 2 to 7 
at 0.25 s intervals. The signals received were fil

et al., 1982). Gas hydrates are detected 
the permafrost table (Kvenvolden and

f biogenic gas could also be the source 
1980) indicated that large shallow gas

of acoustic reflection profiles that used 
Wolf et al. (1985) summarized the data

Geopulse system's higher power output
ration while maintaining resolution. The

cHz. Acoustic sources were usually fired 
ered within a bandwidth of 500 to 2000

Hz before being recorded on chart paper at a 0.25 s sweep rate. Some additional 7 kHz 
tuned transducer data were acquired from a Raytheon system.

The U.S. Geological Survey, Conservation Division, acquired acoustic profiles as part 
of the Oil and Gas Lease Sale 71 (U.S. Geological Survey, 1980). Microfilm copies of this 
data were obtained from the National Geophysicti Data Center in Boulder, Colorado (see 
Appendix 2). Arrangements were made to observe the original acoustic profiles through
the Minerals Management Service (formerly U.S 
sion). Sub-bottom profiles were collected with a
at 0.25 s intervals and recording at a 0.25 s sweep rate. An EG&G Uniboom system was 
operated at a 0.25 s fire rate at 500 J power output. The data were filtered from 330 to 
1100 Hz and recorded at a 0.25 s sweep rate.

Be iu fort shelf were obtained from a 1977 
Beaufort shelf (Grantz and Greenburg, 
energy source was fired at 1 s intervals 
were filtered between 300 and 1500 Hz

Additional acoustic profiles of the outer 
U.S. Geological Survey data set from the outer 
1981). A hull mounted EG&G Uniboom acoustic 
with a peak frequency of 1 kHz. The data received 
and recorded at a 0.5 s sweep rate.

Appendix 2 provides information on obtaining copies of the acoustic profiles referred 
to in this report.

3.2 Trackline Distribution

Geological Survey, Conservation Divi- 
3.5 kHz tuned transducer transmitting

Navigation for the acoustic profiles included 
the 7250 km2 study area. The data that were 
a 12 year period was compiled into a single base 
each trackline, whereas 3.5 kHz data used in this

about 1650 km of trackline that crossed 
collected by the U.S. Geological Survey over 

map (Figure 3-1). Boomer data exist for 
study came only from a 1980 U.S.
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Geological Survey data set (U.S. Geological Survey,
7 kHz data (P.W. Barnes and E. Reimnitz, unpublished
3-1.

acoust icThe U.S. Geological Survey collected 
Barnes and E. Reimnitz, unpublished data). A 
lines resulted, because acoustic profiles were 
Site specific projects resulted in tracklines that 
and sea-ice distribution often dictated the coarse

profiles from 1972 through 1983, (P.W. 
random pattern of about 820 km of track- 
llected ancillary to other investigations, 
cross several shoals. Weather conditions 

of the survey vessel.

CO.

wereData from about 480 km of tracklines 
a 1980 U.S. Geological Survey data set (U.S. 
conducted to specifically obtain geophysical d 
spaced at 5 km intervals. This resulted in a 
equipment malfunctioned.

In 1977 the U.S. Geological Survey condu 
over the outer Beaufort shelf (Grantz and Greeaburg 
shows the navigation of the Uniboom data was 
Uniboom profiles, spaced 30 to 40 km apart, run 
parallel line was selected to tie the four lines to 
were copied from microfilm and were interpreted

3.3 Acoustic Data Quality
The acoustic reflection data used in this study ranged from good to poor quality. Ver 

tical resolution and penetration depth varied between surveys of different years depending 
on the type of equipment used and the parameters they were operated with. Variations in 
the recorder sweep speed, pulse length, and frequency component all affected the resolu 
tion obtained on the acoustic profiles. These parameters were often different from survey 
to survey between 1972 and 1983; the records obtained display different resolutions. This

, 1980). The tracklines for additional 
data) were not shown in Figure

e selected to be used in this study from 
Geological Survey, 1980). The survey was 

ta. TVacklines of this survey grid were 
complete grid of data, except wherenearly

ted a reconnaissance geophysical survey 
1981). About 350 km of trackline 

used in this study (Figure 3-1). Four 
perpendicular to the shelf break. A shelf 
gether. Three lines (751,752, and 753) 
in more detail than the others.

complicated the interpretation and comparison
sub-bottom profiling system determined the pe letration depth and resolution of a par 
ticular survey. Peak frequencies of acoustic energy sources and bandwidths of received 
signals varied between surveys. Records that o >tained good penetration were generally
not as useful for interpreting shallow reflectors
terns that were operated at relatively higher free uencies were more useful for interpreting
closely spaced reflectors. Boomer systems opera
to depths of 100 m while maintaining a verticil! resolution of about 0.5 m (Sylwester,
1983). Vertical resolution of uniboom records on
5 m due to the trailing pulse of the source signa 
records on the inner shelf have higher resolution
and lower power outputs were used. Also, swee > rates of 0.5 s for the outer shelf versus 
0.25 s for the inner shelf provided higher vertk al resolution on the inner shelf. Tuned 
transducer systems operated at 3.5 kHz and 7 k Iz can penetrate up to 30 m and resolve 
reflecting interfaces within 10's of cm apart (Sylwester, 1983). Craig and Thrasher (1982) 
considered resolutions to be about 1 m for 3.5 kl z data and 2 m for Uniboom data. They
indicate that the Uniboom records are degraded 
shallow water.

Penetration depth was also dependent upon 
Poor acoustical response was caused by attenuat 
of acoustic energy that was reflected and
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of data. The frequency component of a

and closely spaced reflectors. The sys-

ed in optimum conditions can penetrate

the outer shelf are estimated to be about
(Dinter, 1982). Uniboom and Geopulse 

(about 1 m), because higher frequencies

Tom operations at high power (500 J) in

the acoustical response of the sediment, 
on of the acoustic signal and the amount 

transmitted in the subsurface. Interfaces with



high acoustical impedance contrast reflected most of the acoustic energy. This limited 
further penetration of the signal. There were several factors that accounted for poor 
acoustical response. Acoustic permafrost (APF) may reflect most of the incident acoustic 
energy and thus mask deeper reflectors. Interstitial gas may enhance reflectors or produce 
a reflector where a gas front does not conform to stratigraphy. Gas may also attenuate 
the acoustic signal and leave voids in the data. As mentioned earlier, gas and subsea 
permafrost is common throughout the study area, and thus caution was needed when 
interpreting the data.

Another pitfall was common to the high-resolution acoustic profiles. The quality of 
shallow water data was degraded by multiples of the sea-floor. Multiples masked most of 
the acoustic record in water less than 5 m deep.

Overall, the data were acceptable for interpretation, and regional reflectors could be 
traced with confidence. Trackline density allowed detailed mapping in some areas while 
large gaps existed elsewhere.

3.4 Borehole Data
Borehole information from several sources (Benton Engineering, 1970; Hopkins, 1977; 

Harding-Lawson, 1979; Hartz et al., 1979; EBA Engineering and McClelland Engineers, 
1982) was correlated to the acoustic stratigraphy. Proprietary borehole samples (Harding- 
Lawson, unpublished data) from Harrison Bay were dated with 14 C analysis. Figure 3-1. 
shows the borehole positions in relation to the track lines.

The boreholes were sampled at varying intervals. Benton Engineering (1970) logged 
borehole lithology continuously. Cohesive sediments were sampled and the wash of non- 
cohesive sediments were logged. Boreholes drilled during 1977 in Prudhoe Bay (Hopkins, 
1977) were sampled at intervals that ranged between 0.5 to 6 m, and wash samples were 
logged continuously. Boreholes drilled by Harding-Lawson (1979) and Hartz et al. (1979) 
sampled cohesive sediments almost continuously and noncohesive sediments every 3 m. 
Harrison Bay boreholes (EBA Engineering and McClelland Engineers, 1982) were sam 
pled about every 1.5 m.

4 METHODS OF INTERPRETATION

The interpretation of the acoustic stratigraphy included the following steps: 1) major 
reflectors and acoustic sequences were defined, 2) lithology from boreholes were corre 
lated to the acoustic stratigraphy, 3) internal reflectors and their reflector character were 
analyzed, and 4) the paleogeography and depositional history were constructed.

The first step, acoustic sequence analysis, was similar to seismic sequence analysis 
described by Mitchum et al. (1977). The acoustic sequence analysis was done by defining 
acoustic sequences and their sequence boundaries. An acoustic sequence is an acoustic 
image of a depositional sequence. "A depositional sequence is a stratigraphic unit com 
posed of a relatively conformable succession of genetically related strata and bounded 
at its top and base by unconformities or their correlative conformaties (Mitchum et al., 
1977) ." Depositional sequences were used as the basic unit to construct a stratigraphic 
framework. Defining depositional sequences was important, because sequences represent 
deposits that have chronostratigraphic significance. Internal reflectors within sequences 
can be interpreted to indicate depositional fades. Identifying sequence boundaries was im 
portant, because the boundaries define the geometry and distribution of sequences. Also, 
the sequence boundaries usually represent erosional events or nondepositional hiatuses. 
Many of the terms used to describe the data were referenced from Mitchum (1977).
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Reflectors were traced on the continuous 
ascending order beginning at the oldest acousti 
in intervals of ten, so intermediate reflectors co 
to label reflectors were based on correlations 
that were mapped east of Prudhoe Bay by W 
abbreviated in the text. For example, Reflecto

coustic profiles and labeled numerically in 
reflector. Reflector numbers were labeled 
Id be labeled later. The numbers selected 

with numbers assigned to acoustic reflectors 
>lf et al. (1985). The reflector names are 
50 is called R50.

Structure contour maps and an isopach 
extent of acoustic sequences. Continuous reflec 
from line to line by comparing two-way trav 
The TWT to reflectors was digitized by hand 
maps. The thickness of the youngest sequen 
from TWT to thickness. A sound velocity of 
equal to 0.8 m. The sediment overburden was 
also illustrated smaller acoustic sequences such 
depositional sequences.

map were constructed to show the aerial 
ors (sequence boundaries) were correlated 
i times (TWT) where tracklines crossed, 

and contours were drawn on the structure 
ce was digitized manually and converted 

1600 m/s was assumed, thus 1 ms TWT is 
then contoured as an isopach map. Maps 

as cut and fill channels and prograding

and

Borehole correlations with acoustic profile 
assuming a velocity of 1600 m/s for the sub-b 
to the acoustic record. Lithologic contacts 
bearing sediments were correlated to reflectors 
were correlated to acoustic sequences. As bore 
shelf, verification of the acoustic interpretation: 
shelf region.

Five cross-sections were constructed norm; 
sional stratigraphic framework. The cross-sect 
files and included key boreholes where possible

were done by converting depths to TWT, 
ttom, and superimposing the borehole on 

contacts between non-bonded and ice- 
and sequence boundaries; lithologic units 
lole logs were available only for the inner 
was not possible for the middle and outer

1 to the coast to illustrate the two-dimen- 
ons were simplified from the acoustic pro-

fromThe depositional history was interpreted 
and cross-sections. Depositional environments 
on the combined analysis. Two borehole sampl 
of the youngest acoustic sequence. Additional 
based on correlations of the acoustic stratigraphy

5 RESULTS AND INTERPRETATION

5.1 Acoustic Stratigraphy
A stratigraphic framework was constructe 

acoustic profiles (Figure 5-1). Five laterally c 
are mapped in the study area. Reflectors are 
the oldest sequence boundary. Major reflector 
terpreted as erosional unconformities. As refl 
amplitudes sometimes decrease until the reflec 
usually appears again in an updip or downdip 
distances is expected of an erosional surface, 
mapping reflectors. Reflectors were assumed 
another at a constant dip angle. This interpret 
raphy appears relatively flat and structurally 
at least five acoustic sequences. The sequeno 
where Sequence E is the oldest depositional 
to acoustic profiles are illustrated in Appen
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the structure maps, borehole analysis, 
md sea-level history were considered based 

were dated with 14 C to determine the age 
itges of acoustic sequences were determined 

to previous studies.

from the interpretation of high-resolution 
ntinuous reflectors (sequence boundaries) 
labeled R50 through RIO, where RIO is 
with varying reflector amplitudes are in- 

ictors are traced laterally, their reflection 
tor is not observed; however, the reflector 
lirection. Varying reflector amplitude over 

acoustic character was considered when 
o correlate by projecting one reflector to 
ve method is justified, because the stratig- 
undeformed. Sequence boundaries define

This

s were named with letters, A through E, 
init. The correlation of 13 borehole logs 

dix 3 (Figures 11-1 through 11-18). The



ACOUSTIC 
SEQUENCES

A

B

C

D

E

Prograding Sequence

SEQUENCE 
BOUNDARIES

Upper: Sea-floor

Lower: R50

Upper: R45, R50, Sea-floor

Lower: R20, R30, R40, 
R30=R40

Upper: R40

Lower: R30

Upper: R30, R30=R40

Lower: R20

Upper: R20 and Younger 
Unconformities

Lower: RIO

Upper: RIO

QUERIED

i Sea-floor

9 A/B  r^l LJ

R45, *

R40(?)

R30(?)

R30(?)

R20(?)

R20(?)

* R20(7), R30(7), R40(?) may define the lower boundry of Sequence B

Figure 5-1. Generalized stratigraphic column showing the order of acoustic sequences 
and sequence boundaries. Acoustic sequences were bounded by sequence boundaries. 
Sequence boundaries were major reflectors (R) that represented unconformities. Re 
flectors were queried when correlations to known reflectors was not possible. Sequence 
A/B and its lower sequence boundary (R45) was placed in the queried column, be 
cause the stratigraphic relationship to Sequences A and B was uncertain.
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borehole locations are plotted on Figure 5-2. 
penetrated by the boreholes. Also, R30, R40, 
information. Cross-sections (Plates 1 through 3 
of the acoustic sequences and sequence boundaries 
shown on Figure 5-2. I have described and 
sequence beginning with the oldest deposit,

Acoustic Sequence E

Sequence C and Sequence A/B are not 
145, and queried reflectors lack borehole 
are referenced throughout the description

Locations of the cross-sections are 
suggested interpretations for each acoustic

E.Sequence

baneSequence E is bounded by RIO at its 
R20 or younger onlapping unconformities (Pla 
The lower boundary of Sequence E (RIO) is 
records. RIO at the base of Sequence E is at 
of prograding clinoforms. The upper boundar 
one reflector. Younger sequences onlap and er< 
of younger sequences indicate that Sequence E 
events since deposition. Sequence E may be 
sub-bottom and appears to thin in a seaward d

The surface of Sequence E is broad and convex. The two-way travel time (TWT) to
the oldest erosional unconformity (R20) that be
R20 dips seaward and to the northwest in eastern Harrison Bay. A decrease of the R20
amplitude to the west may be due to a litholog: 
grained in the east to fine grained in the west 
steeper than normal until the reflector is abrup 
This termination of R20 may represent an eros
relatively high relief of Sequence E at this location has resulted in the preservation of a
bank-like form. The buried bank of Sequence E

e, and its upper boundary is limited by 
es 1 and 2, Cross-sections A, B, and C). 
dentified only on low frequency boomer 
ic upper boundary of a deeper sequence 
of Sequence E is defined by more than 

de Sequence E in places. The onlapping 
has been exposed to at least 4 erosional 
s thick as 45 m in the Simpson Lagoon 
rection.

els Sequence E is contoured in Figure 5-3.

: fades change in Sequence E from coarse 
North of Spy Island, R20 dips seaward 

;ly terminated (Plate 2, Cross-section C). 
truncation of the unconformity. The

nay have been more resistant to erosional
events and subsequent transgressions than the rest of the sequence. Sequence E deposits 
within the bank would have to contain coarser grain sizes compared to the rest of Sequence 
E for the erosion resistant bank to form. The eta tern limit of R20 and Sequence E is not 
well defined. Sequence E probably extends fur tier to the east than is mapped (Figure 
5-3). In the eastern part of the study area, Sequence D onlaps Sequence E. The upper
boundary of Sequence D (R30=R40) represents
1, Cross-section A). R30=R40 is where R40 truncates and has eroded R30 offshore of
Sequence E. R30=R40 truncates Sequence E am
the upper boundary of Sequence E is called R! 
The fourth erosional event corresponds to the c 
A. The base of Sequence A (R50) is most exte
E is truncated just seaward of Spy Island by RJ

0=R30=R40 (Plate 1, Cross-section A), 
rosional surface at the base of Sequence 
sive in eastern Harrison Bay. Sequence

C). Sequence E is exposed at the sea-floor or is mantled by a veneer (< 2 m) of sediment
where R20 and R50 truncate at the sea-floor (F

A reflector (R20(?)) (Figure 5-3) may be 
graphic position of R20(?) and other queried refi 
between R20 and R20(?) is not possible because

Internal reflector configurations within Seq 
amplitude, and hummocky to wavy. These 
depositional environments. Continuous wavy 
within Sequence E.

Several cut and fill channels are clustered in an area just seaward of Pingok Island

31

wo erosional events, R30 and R40 (Plate

may have removed R20 in the east, thus

0 (Figure 5-3 and Plate 2, Cross-section

gure 5-3).

tie equivalent of R20, based on the strati- 
ctors, (R30(?) and R40(?)). Correlation 
of a data gap.

ence E are generally discontinuous, high 
configurations are characteristic of fluvial 

reflectors may correspond to channel cutting
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(Figure 5-3). The paleochannels are cut into the top of Sequence E to TWT's of 10 to 20 ms 
(8 to 16 m). The paleochannels may have been cut and filled between any of three erosional 
events (R20, R30, or R40) that bevel Sequence E, because R20=R30=R40 truncates the 
tops of cut and fill channels along the seaward edge of Sequence E. Based on the above, 
the paleochannels could have been filled near the end of Sequence E deposition but not 
after the deposition of Sequence B. The apparent widths (1 to 2 km) of paleochannels 
may be wider than true widths, because ship tracklines are likely to be oblique to the 
buried channels. Oblique crossings indicate the apparent dip of the channel fill foresets 
and channel walls. The paleochannels usually appear as asymmetric troughs that are filled 
with prograding deposits (Figure 5-4). A few of the paleochannels exhibit more complex 
fill. Several interpretations of the origin and depositional environment of the paleochannels 
are possible.

1) Prograding sigmoid shaped foresets within the channels represent lateral accretion 
surfaces of point bar deposits. Channel fill deposits prograde toward the steeper cut bank 
side of the channel wall (Figure 5-4). The inferred point bar deposits often prograde in 
a southeast direction. This suggests that the channel system migrated to the southeast. 
Generally, point bar deposits are expected to be about 3 m thick (Walker and Cant, 1984); 
however, a maximum thickness of 11 m is cited by Nijman and Puigdefabregas (1978). 
The inferred point bar deposits that fill the paleochannels in the surface of Sequence E 
are 5 to 10 m thick.

2) Prograding channel fill may represent meandering tidal channel deposits. The apparent 
widths (about 1 km) of the channels are considered too wide to be tidal channels. Also, the 
present Beaufort Sea has a microtidal range that inhibits formation of large tidal channels 
(Hayes, 1979).

3) Migrating tidal inlets of a barrier island system could have formed the cut and fill 
channels. Migrating inlets could have formed lateral accretion surfaces as the barrier 
island prograded into and filled the inlet channel.

4) Several small prograding deltas, perhaps flood-tidal deltas, migrated southeast and 
filled channel cuts with prograding deposits as sea-level transgressed Sequence E. Large 
tidal deltas are not presently extensive on the microtidal Beaufort shelf (Hayes, 1979).

5) Complex channel fill (Figures 11-3 and 11-4) represents deposition of channel bars from 
a braided fluvial system.

Knowledge of the paleodrainage source and direction would be useful to interpret the 
depositional environment of the cut and fill channels. The paleochannels could not be 
connected with any modern river system on the coastal plain. A single acoustic profile 
(Line 16-72) in Simpson Lagoon does not indicate any distinct cut and fill channels in 
the lagoon sub-bottom. However, the quality of this particular profile is degraded by sea- 
floor multiples; therefore, the presence of cut and fill channels within the Simpson Lagoon 
sub-bottom was not ruled out. The extension of the paleochannels in a seaward direction 
could not be determined, because the channels and part of Sequence E have been removed 
by erosional events.

Based on borehole logs, Sequence E consists of sandy gravel and gravelly sand. R20, 
the oldest upper sequence boundary of Sequence E, is penetrated by borehole HLA-5. A 
gravel over sandy gravel interface is logged at the depth of R20 (Figure 11-17). Elsewhere, 
the surface of Sequence E is truncated by the sea-floor or younger erosional events. In 
boreholes BE-13 (Figures 11-1 and 11-2), BE-14 (Figures 11-3 and 11-4), EBA-23 (Fig 
ures 11-11 and 11-12), and HLA-3 (Figure 11-15) a reflector is observed where a thin
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overburden of silt and clay contact sand and gravel of Sequence E. Several boreholes 
within Simpson Lagoon, Gwydyr Bay, and two boreholes outside the Return Islands are 
not correlated to acoustic profiles. These boreholes show fine sand, silt, and clay deposited 
over a thick unit of sand and gravel. The sand and gravel unit presumably correlates to 
Sequence E. The depth to the gravel contact, top of Sequence E, is mapped along with 
the overburden thickness (Figure 5-5). The overburden is thicker (5 to 9 m) within the 
lagoon. Boreholes seaward of the barrier islands have thin overburdens (< 2m). The base 
of Sequence E is not evident in the borehole logs, suggesting that Sequence E is a thick 
unit. Borehole HLA-5 shows that deposits of mostly sand and gravel extend to a depth 
of 91 m which is deeper than the penetration depth of the boomer profiles in this region.

Borehole BE-14 penetrates one paleochannel that cuts into the upper surface of Se 
quence E (Figures 11-3 and 11-4). The channel fill deposit consists of coarse sandy gravel, 
and the base of the channel is marked by a thin lens of organic sand. This borehole 
confirms the coarse grained channel fill that is expected to be associated with complex fill 
in the acoustic profiles. Cut and fill channels with complex fill are interpreted as braided 
fluvial deposits.

Acoustic stratigraphic interpretations indicate that Sequence E is primarily a nonma- 
rine fluvial deposit. Thick sand and gravel in the boreholes support the acoustic interpre 
tation. Sequence E may be part of a prograding alluvial fan that extends from the present 
coastal plain on to the present inner shelf; deposition on the inner shelf probably occurred 
during lowered sea-level and subaerial exposure of the shelf. Cut and fill channels may 
have formed near the end of Sequence E deposition, although the paleochannels may have 
been cut and filled between any of the erosional events (R20, R30, or R40) that followed 
Sequence E deposition. The buried channels may have been part of a large meandering 
river system. Such a fluvial system differs from braided rivers on the present coastal plain, 
such as the Kuparuk and Sagavanirktok Rivers. A fluvial system that is dominated by 
meandering like the Colville River and Colville River Delta would produce paleochannels 
with prograding fill. Ground truth information, such as lithologic and paleontologic stud 
ies, are needed to determine the depositional environment and source of the paleochannels. 
After the deposition of Sequence E, sea-level transgressed and beveled Sequence E and the 
paleochannels. This unconformity is observed in the acoustic profiles as R20. A maximum 
age of 1.8 Ma and a minimum age of Middle Pleistocene is suggested for Sequence E in 
Section 6.4 of this thesis.

Acoustic Sequence D
Sequence D lies between R20 and R30 or R30=R40 (Plates 1 and 2, Cross-sections 

A and B). R20 defines the lower sequence boundary. The upper sequence boundary is 
defined by R30 or R30=R40. Based on the sequence boundary definitions, Sequence D is 
present in the eastern part of the study area and is questionable in the west. The thickness 
of Sequence D is not well defined, because the lower boundary (R20) does not extend far 
seaward beneath the upper sequence boundaries. Based on the landward thinning and 
onlapping character of Sequence D, the deposit appears to thicken from 0 m on the inner 
shelf to thicker deposits on the middle and outer shelf.

A structure contour map indicates the TWT to the top of Sequence D and illustrates 
the geographic extent of Sequence D (Figure 5-6). Sequence D onlaps Sequence E where 
R30=R40 onlaps R20. R30 dips to the northeast and extends to the middle shelf as 
observed on a single line (Line 751-77) that is perpendicular to the coast (Plate 1, Cross- 
section A).
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A reflector, R30(?), to the west may correlate with R30 based on the stratigraphic
positions of the reflectors in the area. R30(?)
data set, thus R30(?) is queried. R30(?) is masked by shallower reflectors to the west and 
south.

Internal reflectors of Sequence D are moderately continuous and have low amplitudes. 
This acoustic character gives the sequence a tr wisparent appearance. Based on the above 
characters, Sequence D is a homogeneous deposit with a common depositional origin. No 
distinct cut and fill channels are observed within Sequence D.

could not be tied to R30 with the present

Two boreholes, PB-2 and HLA-4, penetrate Sequence D north of Reindeer Island. The 
upper boundary of Sequence D, R30=R40, corresponds to a distinct lithologic contact of 
gravelly mud over gravel in borehole PB-2 (Figure 11-18). In borehole HLA-4 clayey silt 
overlies gravelly sand of Sequence D. Sequence D onlaps Sequence E and may be thin. The 
gravelly lithology of Sequence D, below the R30=R40 interface, may not be representative 
of the sequence. Sequence D lithology further offshore, as the acoustic profiles indicate, 
may be a fine grained marine transgressive deposit. Boreholes are not available to confirm 
this interpretation. Ice-bonded gravelly sand is logged below the R30=R40 interface in 
borehole HLA-4, thus the contact between non- bonded clayey silt and ice-bonded gravelly 
sand appears to enhance R30=R40 at the lithe logic contact. This may contribute to the 
irregular nature of R30=R40 at this location (Figure 11-16).

sgressed Sequence E. R20 is the basal 
geneous character of Sequence D on the 
tructures suggests this deposit is mostly 
onlaps Sequence E as would be expected 

e sediments deposited near the end of 
during following sea-level transgressions, 

uence D, where Sequence D is thin and 
deposits. A Middle Pleistocene age is 

thesis.

Sequence D was deposited as sea-level t 
transgressive surface of Sequence D. The homj 
acoustic records, and the lack of cut and fill 
fine grained marine. Also, Sequence D clearly 
of a marine transgressive sequence. Any nonm 
Sequence D deposition may have been remov 
The gravel in the boreholes that correlated to 
onlaps Sequence E, may be transgressive be 
suggested for Sequence D in Section 6.4 of this

Acoustic Sequence C

Sequence C is bounded by two unconformities, R30 and R40 (Plates 1 and 2, Cross- 
sections A and B). R30 is the lower sequence boundary, and R40 defines the upper surface. 
Again, R30 and R40 are defined in the eastern part of the study area and are queried in 
the west. Sequence C thickens in a seaward direction from 0 m on the inner shelf to 12 m 
on the middle shelf and thins again to 0 m on the outer shelf (Plate 1, Cross-section A).

A structure contour map of R40 shows the aerial distribution of Sequence C (Figure 
5-7). Sequence C onlaps Sequence D in a landward direction where R30 and R40 converges 
(R30=R40). R40 appears to downlap in a seaward direction on to R30 on one acoustic 
profile (Line 751) that extends to the outer shelf; therefore, Sequence C thins in a seaward 
as well as a landward direction.

A reflector (R40(?)) in the western part of tl 
based on the stratigraphic position of R40(?). 
5-7) indicates a basin structure. Contours shoi 
west dips to the southeast. R40(?) is masked 
in Harrison Bay and appears to extend beneat] 
subsurface of Harrison Bay. This acoustic anonu 
as the Acoustic Transmission Boundary (ATB)

e study area possibly correlates with R40
he structure contour of R40(?) (Figure
that R40(?) dips seaward and further

>y shallower rough hummocky reflectors
the rough hummocky reflectors into the
y that masks deeper reflectors is mapped
n Harrison Bay (Figure 5-7).
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Sequence C is similar in acoustical character to Sequence D. Internal reflectors are 
generally weak and moderately continuous or| transparent. Sequence C also lacks cut and 
fill channels.

Similar to Sequence D, Sequence C is in 
Boreholes are unavailable to confirm this intei 
Sequence D during a rise in sea-level. The bi 
R30 in the acoustic profiles. Nonmarine dep 
during the next transgression. This next sea-lj 
part of Sequence D, and Sequence E. R40 is th: 
is where the transgression cut into R30 and 
also cut into R20 and Sequence E. A Middle 
to the Wainwrightian transgression on the co< 
thesis.

Acoustic Sequence B
The lower boundary of Sequence B is de 

the east (Plates 1 and 2, Cross-sections A 
defines the lower sequence boundary in the 
3, Cross-sections C, D, and E). The lower bou: 
of the onlapping structure of the unconformit 
defined by a continuous reflector (R50) that i 
Stamukhi Shoal, and north of Prudhoe Bay (P 
E). Elsewhere, the surface of Sequence B is 
extensive over most of the shelf. The sequenc 
inner shelf to about 25 m thick on the middle s 
shelf. Instead of mapping the distribution of t 
that occur within Sequence B are mapped in

rpreted as a transgressive marine deposit.
retation. Sequence C sediments onlapped 

transgressive surface is represented by 
tits of Sequence C may have been removed

el rise beveled the surface of Sequence C,
basal transgressive surface, and R30=R40 

[uence D. This same transgression may have
leistocene age and a tentative correlation 
ttal plain is suggested in Section 6.4 of this

ned by R20, R30, R40, and R30=R40 in 
d B). R20, R20(?), R30(?), or R40(?) 

rn part of the study area (Plates 2 and 
dary of Sequence B is complicated because 
es. The upper boundary of Sequence B is 
extensive in eastern Harrison Bay, under 

ates 1 through 3, Cross-sections A through 
exposed at the sea-floor. Sequence B is 
's thickness ranges from 0 m thick on the 
elf and possibly > 25 m thick on the outer 
e upper boundary of Sequence B, features 
igure 5-8.

Rough hummocky reflectors form a horizon within Sequence B. Rough hummocky 
reflectors that are widespread in Harrison Bay terminate along a margin I called the ATB. 
The ATB is mapped where transmission of t ic acoustic signal abruptly increases and 
rough hummocky reflectors terminate. Rough h immocky reflectors on one side of the ATB 
appear to inhibit penetration of the acoustic signal into the sub-bottom. The increase in 
acoustical penetration opposite of the rough hummocky reflector horizon is marked by the 
appearance of deeper reflectors that include R20(?), R30(?), and R40(?). These queried 
reflectors appear to extend beneath the rough hummocky reflectors in Harrison Bay until 
they are totally masked. The ATB may be sharp (Figure 5-9a) or appear as a transitional 
zone of "jumpy"reflectors (Figure 5-9b). Rough hummocky reflectors are also found within 
Sequence B to the east but do not mask deeper reflectors as in Harrison Bay; the rough 
reflectors to the east may not correlate to those in Harrison Bay.

A reflector (R48) within Sequence B is partially masked by R50 in an area north of 
the Colville River Delta (Figure 5-8). R48 dips landward and truncates at the sea-floor 
along the seaward edge of the reflector. R48 may be extensive beneath R50 but is only 
seen on the acoustic profiles where R50 is discontinuous or nonexistent.

Two types of cut and fill channels incise tl 
leochannels with complex fill are one type of bt 
Bay and north of Reindeer Island (Figure 5-8). 
boomer profile but is poorly defined on 3.5 kHz 
pattern is inferred for asymmetric channels in

surface of Sequence B. Asymmetric pa- 
iried channel located in eastern Harrison

cut and fill channel is well defined on a 
trofiles in Harrison Bay. A paleodrainage 
(arrison Bay. The asymmetric channels
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are interpreted as fluvial features. Several symmetrical paleochannels (Figure 5-10) are 
mapped west of Stamukhi Shoal (Figure 5-8). Symmetrical channels are interpreted as 
buried distributary channels.

Seaward of the buried distributary channels, a package of prograding oblique reflec 
tors is observed within Sequence B (Figure 5-11). Prograding reflectors dip seaward and 
downlap on to R40(?), R30(?), or R20(?). The prograding reflectors truncate at the sea- 
floor, thus Sequence B is exposed at the seabed. I interpreted this prograding sequence 
of reflectors as a prodelta sequence. Symmetrical cut and fill channels are part of the 
delta front (subaqueous) and delta plain (subaerial) deposits. It is not clear if fluvial cut 
and fill channels in Harrison Bay are connected to these deltaic deposits. The most likely 
source of the buried distributary channels and delta foresets is from the paleodrainage of 
the Colville River. The size of the buried delta is comparable to the modern Colviiie River 
Delta. The relatively greater dip, between 6' (0.1°) and 17' (0.28°), of the paleodelta fore- 
sets compared to the dip of the modern Colville Delta front (about 3' or 0.05°) suggests 
that depositional conditions were different in the past. Perhaps a deeper paleobathymetry 
at the delta front and prodelta altered the sedimentary processes of the past. A relatively 
high fluvial sediment flux, compared to the present Colville River, may have provided 
conditions more favorable for the delta to form.

Several boreholes that penetrate Sequence B on the inner shelf show that the sequence 
consists of silt, clay, pebbly mud, and in one borehole as beach gravel. Borehole HLA-5 
penetrates Sequence B where R20 is the lower sequence boundary (Figure 11-17). R20 
correlates to an interface between beach gravel of Sequence B above and a glacial outwash 
gravel (Hartz et al., 1979) of Sequence E below. Two boreholes, HLA-4 and PB-2, show 
that the lower sequence boundary (R30=R40) of Sequence B correlates to a contact be 
tween silt and clay of Sequence B over sand and gravel of Sequence D (Figures 11-16 and 
11-18). Boreholes HLA-4 and PB-2 show 1.4 to 3 m of clean sand above silt, clay, and 
pebbly mud of Sequence B. The clean sand are from recent shoal construction as shoals 
are observed on the acoustic profile (Figure 11-16). These shoals may have originated as 
Reindeer Island migrated past the location. Sequence B outcrops at the sea-floor where 
boreholes EBA-2 and EBA-11 penetrate Sequence B (Figures 11-2 and 11-10). Both bore 
holes indicate clayey silt at the sea-floor. The beach gravel of Sequence B encountered in 
borehole HLA-5 indicates a different depositional environment compared to other bore 
holes. The Sequence B that is correlated to borehole HLA-5 is part of a trough that 
thickens south towards Prudhoe Bay (Plate 1, Cross-section A). The interpretation of 
Sequence B at this location is uncertain.

Some of the reflectors within Sequence B appear to correlate to ice-bearing sediments. 
Boreholes EBA-2, EBA-7, and EBA-11 penetrate rough hummocky reflectors. The corre 
lations indicate that lithologic contacts do not correspond with rough hummocky reflector 
horizons. Boreholes EBA-2 and EBA-7 contain a horizon of partially-bonded silty clay 
with 3 to 20 mm thick ice lenses that correlate to rough hummocky reflector horizon (Fig 
ures 11-6 and 11-7). However, an ice-bearing horizon is not observed in borehole EBA-11 
where a rough hummocky reflector is observed on the acoustic profile (Figure 11-10). The 
depth at which the reflector occurs in borehole EBA-11 was not sampled according to 
the borehole log. Also, the ice-bearing horizon may not have been sampled because of 
the lateral discontinuity of the ice-bearing horizon. Partially-bonded silty clay contain 
ing vertical ice lenses are encountered in borehole EBA-24 (Figure 11-14). Discontinuous 
hummocky reflectors that are offset from the borehole may correlate to the partially- 
bonded horizon. An irregular reflector is expected to occur at these partially-bonded 
horizons, because varying acoustic impedances would be encountered over short distances.
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For the above reasons, I suggest the rough hummocky reflectors may correspond to a 
discontinuous partially-bonded subsea permafrost interface, not a geologic contact. A 
poorly defined partially masked reflector (R48 
in borehole EBA-8 (Figure 11-8). The top of i 
to R48 in borehole EBA-1 (Figure 11-5).

common
aid

Sequence B probably has a more complex 
D. The deposits of more than one transgressional 
Marine silt, clay, and pebbly mud are the 
Sequence B contains internal reflectors, cut 
In Section 6.4 of this thesis I correlate Sequence 
(Sangamon) and Simpsonian (Early Wisconsin) 
of the Pelukian transgression is preserved as tl 
of Simpsonian transgression deposits (Flaxmai 
records. Paleochannels cut into the surface of 
a lowered sea-level after the Simpsonian 
Section 5.2, part of Sequence B is as young as

Acoustic Sequence A
Sequence A is defined as the depositiona 

(Plates 1 through 3, Cross-sections A througi 
and distribution of Sequence A (Figure 5-12). 
0 m to 6 m. Up to 10 m of Sequence A has ac 
located (Plate 2, Cross-section B). Stamukhi 
of Sequence A, because the shoal may contain

correlates to an ice-bonded sand interface 
ice-bonded sand interface also correlates

deposit ion al history than Sequence C and 
event may be preserved in Sequence B. 
lithologies. Unlike Sequences C and D, 

fill channels, and a paleodelta sequence. 
B to transgressive deposits of the Pelukian 

transgressions. The basal unconformity 
e lower boundary of Sequence B. The base 

Member) is not observed in the acoustic 
Sequence B were likely to have formed at 

As indicated by a 14 C date in 
Fiolocene.

transgression.

sequence between R50 and the sea-floor 
E). An isopach map shows the thickness 
The thickness of Sequence A ranges from 
reted above R50 where Stamukhi Shoal is 
loal is not a good representative thickness 
older reworked deposits.

Sequence A is mapped with Sequence A/B (Figure 5-12). R50, the lower sequence 
boundary, is the youngest continuous reflector below the sea-floor. This characteristic was
used to identify R50 along with comparing RJ
reflectors. R50 dips slightly seaward except alcng the seaward edge of Sequence A where 
R50 dips landward and truncates at the sea-floor. R50, north of Prudhoe Bay, also dips 
landward, and Sequence A thickens landward (
may be patchy beneath shoals. R50 is well d 
further west. R50 and Sequence A extend into 
character of R50 changes north of the Colville

late 1, Cross-section A). To the west, R50 
fined again beneath Stamukhi Shoal and 
eastern Harrison Bay until the continuous 
River Delta. R50 becomes discontinuous

and gives the acoustic profile a "pitted"appearance (Figure 5-13). R50 becomes more
discontinuous to the west until its existence is
thin to the west. An acoustic window occurs wiere R50 is discontinuous or absent. As a
result, deeper reflectors, R48 (Figure 5-13) and 
Sequence B.

The preservation of R50 as a continuous s 
of Sequence A. A tongue of sediments, up to 6 
from the Colville River Delta towards Stamuk

0 to the stratigraphic positions of deeper

uestionable. Also, Sequence A appears to

rough hummocky reflectors, appear within

rong reflector may relate to the thickness
m thick, accreted in an area that trends

i Shoal (Figure 5-12). R50 is well defined
and continuous beneath this deposit and becomes discontinuous where Sequence A thins.

Paleoscouring and modern scouring from ice gouging (Barnes et al., 1984) and strudel 
scouring (Reimnitz et al., 1974) may have reworked portions of the R50 interface. A zone 
of Chaotic reflectors is observed within 15 km of the Colville Delta (Figure 5-12). This 
chaotic zone on the delta front may consist of strudel scour crater fill deposits. As R50 
is traced towards the Colville River Delta, the reflector becomes discontinuous and is 
truncated by the chaotic reflector zone (Figure 5-14a). The above observation may have
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implications on the rate and activity of strudel
have been lees effective in reworking the shallow sub-bottom
to form and was buried intact. However, limite
thus giving R50 a "pitted" appearance seaward
Strudel scouring in the present has complete!
R50. Ice gouging in the past and present ma
Isolation from ice gouging processes would be
burial in a lagoon environment would have allowed
Sequence A is thin, R50 could have been disrupted
be disrupted seaward of Stamukhi Shoal presui

scouring in the past. Strudel scouring may 
in the past, thus R50 was able 

scouring may have removed some of R50 
f the chaotic reflector zone (Figure 5-13). 
reworked the delta front and truncates 
account for the partial removal of R50. 

necessary to preserve R50. Rapid burial or 
for R50 to remain intact. Again, where 
by recent ice gouging. R50 appears to 

mably by ice gouging (Figure 5-14b).

It is also possible that R50 is absent beca 
R50 interface is too thin to resolve acoustically. 
R50 would require more information on the ph

Internal reflectors are sparse within Sequen 
parent acoustic character. Acoustic transparen 
deposit. The lack of internal reflectors may be 
gouging probably caused the transparent acou 
that ice gouging had, if any, in forming R50 remains

ce A. As a result, the sequence has a trans- 
cy suggests Sequence A is a homogeneous 
due to disturbance from ice gouging. Ice 
tic character of Sequence A, but the role 

unresolved.

The correlation of boreholes to Sequence i 
consists primarily of silt and clay. Some boreho 
of Sequence A. Borehole EBA-24 indicates that 
the strong and continuous R50 (Figure 11-14). I 
not sampled, since the sampling interval was d 
R50 probably does not correlate to an ice-bon 
change in the blow count during drilling operati 
consolidated interface. Landward of borehole 
where R50 truncates R20 and Sequence E. At 
contact, clayey silt over clayey sand and grave 
Bay, borehole HLA-5 shows a similar silt to s 
I interpreted R50 as an erosion al surface whe 
however, a nonlithologic contact, possibly a 
R50 is above the fine grained deposits of Sequ

Sequence A may be marine deposits of th 
silt lithology from borehole logs support this 
Section 5.2 indicates that a Holocene age is pr 
is interpreted as the basal transgressive surface 
logs imply that R50 is erosional in some areas
On the inner shelf, Sequence A thins in a seaward direction and eventually pinches out at 
the sea-floor. This characteristic is different from the older transgressive sequences that
lie beneath Sequence A. Holocene sediments ar 
shelf may be an erosional or nondepostional su 
marine sediments are mixed into older sedimen

se it never formed in some places, or the 
Speculation of the mechanism that formed 
rsical properties of the R50 interface.

indicates that the depositional sequence 
es penetrate the basal unconformity (R50) 
a lithologic contact does not correlate with 
t is possible that the reflector interface was 
ne every 1 m. The strong and continuous 
ed layer, because there was no significant 
)ns at the R50 depth. R50 may be an over- 
BA-24, borehole EBA-23 penetrates R50

this location, R50 corresponds to a lithologic 
y sand (Figure 11-13). North of Prudhoe 
ndy gravel contact where R50 is located, 
e R50 cut into coarse grained sequences;

change in consolidation, was apparent where 
ence B.

Holocene marine transgression. Clay and 
interpretation. A 14 C date discussed in 
bable for this depositional sequence. R50 
f the Holocene marine sequence. Borehole 
but also may be a consolidated interface.

5 deposited locally, thus much of the inner
face. Another possibility is that Holocene 
ts by ice-gouging. Constant disturbace of

the upper few meters of the sub-bottom by ice gouging resulted in the destruction of R50 
or prevented R50 from forming, thus Sequence A is not observed in the acoustic profiles.

Acoustic Sequence A/B

Sequence A/B is a seaward thickening wedge deposit that is between sequence bound 
aries R45 and the sea-floor in the northeast part of the study area (Figure 5-12 and Plate
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1, Cross-section A). This acoustic sequence was named Sequence A/B, because the strati- 
graphic relationship is uncertain between Sequence A/B and Sequences A and B on the 
inner shelf. Sequence A/B lies above Sequence B on the outer shelf; however, it is possible 
that part of Sequence B on the inner shelf may be relatively younger than Sequence A/B. 
Sequence A/B thickens from 0 m on the middle shelf to about 45 m on the outer shelf 
(Plate 1, Cross-section A).

The base of Sequence A/B (R45) dips seaward (Figure 5-12) and extends outside the 
study area to the outer shelf. The upper boundary of Sequence A/B is defined by the 
sea-floor. Sequence A/B pinches out in a landward direction where R45 truncates at the 
sea-floor on the middle shelf. Boomer profiles from lines 751-77 and 753-77 do not show 
a distinct truncation of R45. This may be due to the relatively low vertical resolution of 
these profiles. Line 92-79 shows that R45 clearly truncates at the sea-floor. It is likely 
that R45 continued landward but is not acoustically resolved where the R45 truncation is 
queried (Figure 5-12).

Internal reflectors of Sequence A/B are low amplitude and moderately continuous to 
transparent. The transparent character of Sequence A/B suggests a homogeneous deposit, 
similar to Sequences C and D. Cut and fill deposits are lacking in Sequence A/B.

Sequence A/B is probably a marine transgressive unit. R45 is the basal unconformity 
of Sequence A/B. Boreholes are unavailable to confirm this interpretation. Sequence A/B 
has the same acoustic character as older transgressive sequences. Sequence A/B is different 
from the underlying transgressive sequences as it represents a large volume of deposition 
on the outer shelf. This may be evidence of a different sediment source for Sequence A/B.

Relationships of Acoustic Stratigraphy to Shoals

The acoustic stratigraphic framework was examined relative to shoals to determine 
if any relations exist. R50 is flat beneath Stamukhi and Cat Shoals. This suggests that 
R50 is not related to the construction of the shoals, rather the shoals have apparently 
sheltered and preserved R50 from erosive ice gouging processes. As mentioned previously, 
R50 extends seaward beneath Stamukhi Shoal before truncating at the sea-floor. R50 
appears to be broken up by ice gouging on the seaward side of the shoal (Figure 5-14b). It 
is unlikely that Stamukhi and Cat Shoals are drowned barrier islands, because the base of 
the Holocene marine (R50) does not control the morphology of these shoals. The shoals 
may have been constructed from barrier islands material, but subsequent reworking and 
migration of the shoal has left no evidence of an ancestral island.

In addition, the stratigraphy was examined in relation to the shoals to determine the 
relative age of the shoal construction. Stamukhi and Cat Shoals (Figure 1-2) are above 
Sequence A and R50, thus these shoals were constructed after the formation of R50 dur 
ing the Holocene. The shoals, particularly Stamukhi Shoal, may have migrated landward 
over Sequence A and R50. This may result in deposition of older reworked Sequence B 
sediments over younger Holocene marine sediments of Sequence A. R50 does not appear 
beneath Loon Shoal and Weller Bank (Figure 1-2). Loon Shoal overlies Sequence B and 
R20 at the base. Although an age older than R50 could be suggested, Loon Shoal likely 
formed after R50. Weller Bank is above rough hummocky reflectors and a deeper R40(?). 
The construction of Weller Bank may have been older than Holocene. An "island"of rough 
hummocky reflectors is beneath Weller Bank (Figure 5-8 and Plate 3, Cross-section E). 
These rough hummocky reflectors were previously suggested to correlate to an partially- 
bonded permafrost horizon within Sequence B (Figure 11-6). Borehole EBA-2 penetrates 
Weller Bank where an ice-bearing horizon is encountered; rough hummocky reflectors cor-
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relate to this horizon (Figure 11-6). If this "isl 
then the "island" of rough hummocky reflectors 
exposed topographic high. This topographic h 
Bank.

5.2 "C Analysis

nd"is a localized zone of relict permafrost, 
may relate to what was once a subaerially 
gh may have been the precursor of Weller

Two samples from different boreholes wer 
holes, HLA-12/82 is within the study area aboi 
3-1 and Plate 3, Cross-section D). The other b 
west of the study area in western Harrison Ba 
etrates Pacific Shoal. The borehole logs are pr 
this thesis; however, the borehole HLA-12/82 
prietary borehole EBA-8. Borehole EBA-8 enc 
sand. Peat and wood fragments are interbedde 
the sea-floor.

dated by 14 C analysis. One of the bore-
20 km north of the Colville Delta (Figure 

rehole, HLA-2/82 is located about 25 km
(70°43' North, 151°57.5' West) and pen- 
prietary and were not available for use in 

may be compared to an adjacent nonpro- 
unters 9.25 m of silty clay over ice-bonded
with silt and clay from 4 m to 7 m below

A peat sample from HLA-12/82 at a dep 
below present sea-level was dated. A 14 C da 
17.2-17.5) was obtained. The significance of tl 
of R50 and the overlying Sequence A within 
consisted of a silty peat, mostly moss and sorr 
deposited as a allocthonous organic debris in a 
were absent in the sample which suggests but d 
in fresh water. However, a single fossil is tentat 
communication, 1987) as a marine gastropod 
below the dated peat; probably the fossil was d 
sea-level. A deltaic deposit is a reasonable 
stratigraphic position of the dated sample is su 
were in the vicinity of HLA-12/82 (Figure 5-15 
with R50 and Sequence A above. The date inc 
dated sample are not older than 7500 ± 150 ; 
the sediments was considered, since ice gougin 
the sediments. R50 is a moderately continu
15). To mix younger sediment below R50, r 
formation of R50, otherwise R50 would appear 
acoustic profile. Since R50 is intact in this lo 
Sequence B are Holocene at this location. The 
extrapolated to date all of Sequence A, becaus 
surface. Sequence A and R50 should be progr 
position of R50 relative to the date suggests 
related to the Holocene transgression.

A sample from Pacific Shoal in western 
from a depth of 3.2 m below the sea-floor or 
of clean meshed peat comprised of moss. No 
interpreted this tightly meshed peat as a coast

of 5.3 m below the sea-floor or 18.3 m 
of 7500 ± 150 years B.P. (HLA-12/82, 

e date is that it provides a maximum age 
he vicinity of the borehole. The sample 

e twigs. This peat sample may have been 
detrital environment. Marine microfossils 
es not confirm that the peat was deposited 
vely identified (Kristy McCumby, personal 
' the Family Naticidae in a sample 30 cm 
posited within a few meters of the former 
terpretation for the dated sample. The 
erimposed on to two acoustic profiles that 
. The dated sample is within Sequence B 
cates that sediments deposited above the 
jars B.P.. Reworking and redeposition of 
and strudel scouring may have disrupted 

us reflector near the borehole (Figure 5- 
working would have occurred before the 
liscontinuous or would be absent from the 
ation, Sequence A and the upper part of 
,ge obtained from this borehole can not be 
R50 is interpreted as a time transgressive 
ssively older seaward of HLA-12/82. The 

tl at the geologic significance of R50 may be

Harrison Bay was dated. The sample is 
.2 m below present sea-level and consists 
microfossils were found in the sample. I 
1 plain deposit. A 14 C date of 8880 ± 140

years B.P. (HLA-2/82 17.65-17-85) was obtained. Acoustic profiles in the area of Pacific 
Shoal are poor in quality due to bottom multiples in the shallow water, thus a direct 
correlation is not possible. A shallow hummocky reflector is near the shoal, and R50 was 
not encountered in this region. The in situ natu re of the peat deposit suggests a maximum 
Holocene age for the overlying 3.2 m of sediment. The peat probably accumulated up to
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15 m above sea-level at the time, because this peat is older than the peat (HLA-12/82) 
that is interpreted to be deposited near a past sea-level (18.3 m below present sea-level).

5.3 Subsea Permafrost and Gag-bearing !Sediment

The presence of subsea permafrost and 
the interpretation of the acoustic profiles. Qu 
in the western part of the study area appeal 
bearing sediment. These reflectors may not be 
to real geologic features, they may be enhanced 
or trapped gas beneath a overconsolidated hoi 
enhanced reflectors in association with the 
deltaic deposits are the probable source of gas 
correlation between queried reflectors, R20, 
sediments. R30 appears to be enhanced on Lin 
5-16). The reflection at the R30 interface is 
the sea-floor. Several possible faults occur at 
pulldown is evident near apparent fault planes 
concentrated in the sediments near faults, 
trapped gas beneath an impermeable horizon, 
the above interpretations.

Some reflectors are correlated to borehole

R30

the

The

Boreholes EBA-1 and EBA-8 show that R48, within Sequence B, is at the surface of an 
ice-bonded sand horizon. This observation suggests the reflectors are from real geologic 
features, and the subsea permafrost is stratigraphically controlled. Rough hummocky 
reflectors within Sequence B are an example where subsea permafrost does not conform 
to lithologic unit. Borehole evidence suggests the reflector is a result of a partially-bonded 
horizon; therefore, this reflector should not be interpreted as a geologic contact.

earing sediments can not be ignored in 
eried reflectors (R20(?) ,R30(?), R40(?)) 

to be enhanced possibly by ice or gas- 
stratigraphic features. If they are related 
by stratigraphically controlled permafrost 
izon. The presence of the apparent gas- 

paleodelta sequence suggests that organic 
Acoustically turbid zones that prevent 

, and R40 may be related to gas-bearing 
751-77 in the middle shelf region (Figure 

znomalously bright compared to R40 and 
R30 interface. Attenuation and reflector 

(Figure 5-16) suggesting that gas may be 
high amplitude of R30 may be due to 

Ground truth is not available to confirm

logs that indicate ice-bearing sediments.

The ATB can be explained as an acoustical 
to sediments free of ice. In this instance, the d 
relates to the deposit ion al history of Sequence 
that the ATB may correspond to a paleoshore 
ward of the ATB may relate to a filled embayment 
the paleoshoreline. Permafrost aggraded and i; 
sediments on the shoreward side of the ATB. '. 
quence seaward of the ATB, delta plain, and 
2, Cross-section C) supports the presence of a 
to R20(?), R30(?), and R40(?) suggesting tha 
the ATB. The queried reflectors predate the embayment 
sub-bottom beneath the rough hummocky refle

5.4 Summary of Results

At least five major deposition al sequences 
study area. Major reflectors, interpreted to be

phase change from ice-bearing sediment 
stribution of subsea permafrost probably 
B. A conceivable geologic explanation is 
ine. Increased acoustic transmission sea- 

The ATB would be proximal to 
preserved as relict subsea permafrost in 
he presence of a prograding prodelta se- 

delta front deposits near the ATB (Plate 
>aleoshoreline. Delta foresets downlap on 
b a paleoembayment occurred seaward of 

since they seem to extend in the 
:tors in Harrison Bay.

sxist on the Beaufort Sea shelf within the 
unconformities, define acoustic sequence

boundaries. Reflectors are truncated in the sub-bottom or at the sea-floor on the inner 
shelf. This particularly applies to the region seaward of Pingok Island, where little de 
position has occurred after the massive fluvial jsediments of Sequence E were deposited. 
Nondeposition and some erosion was likely due to sea-level lowstands when sediments 
bypassed the inner shelf and were transported to the outer shelf and slope. The uncon 
formities were modified during sea-level transgressions that resulted in continuous planer
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prc 51unconformities or reflectors on the acoustic 
ily transgressive deposits. Sequence E is a 
the inner shelf during a sea-level lowstand. 
within Sequence B suggest that the upper parl 
sive deposits. A sea-level stillstand may have o 
is preserved as a buried shoreline and delta 
depositional sequences usually thicken seaware 
gested to be a Holocene marine transgressive 
thin, patchy, and absent on the inner shelf. Th 
to have a source from the Colville River in 
temporary, as the seaward edge of Sequence A 
at the stamukhi zone. The observations sugges 
from previous transgressions. At least some of 
the stratigraphic record. Sequence A does no 
graded where the sequence is thin. Sequence J 
stratigraphic record as earlier transgressions ha 
be made between Sequence A and Sequence A/ 
comment on Holocene marine deposition on th

6 DISCUSSION

6.1 Correlation of Acoustic Stratigraphy

Acoustic stratigraphy from this thesis is co

es. Sequences A through D are primar- 
nigressive sequence that was deposited on 
Cut and fill channels and a delta sequence 

of Sequence B may contain some regres- 
curred during Sequence B deposition and 

sequence within Sequence B. TVansgressive 
except Sequence A. Sequence A is sug- 

deposit, based on a 14 C date. Sequence A, is 
e thickest Holocene marine deposits seem 

eastern Harrison Bay. This deposit may be 
is undergoing erosion and reworking near 

that the Holocene transgression differed 
sequences B, C, and D were preserved in 

thicken seaward and appears to be de- 
eventually may not be preserved in the 
been. Unfortunately, no correlation can 

B. This correlation would be necessary to 
outer shelf.

related to the acoustic stratigraphy devel
oped in previous studies (Table 6-1). Differences and similarities between interpretations 
are considered.

Interpretations of stratigraphy by Reimnitz et al. (1972) are correlated to the acoustic 
stratigraphy (Table 6-1). Their horizon B corr01ates with RIO in the Oliktok Point area.
They suggest that the unit between horizon B and horizon A is a Pleistocene deposit of
the Quaternary Gubik Formation. This unit correlates best with Sequence E, and the
lower boundary of Sequence E (RIO) correlates
Sequences B, C, and D, since the relatively low resolution of the sparker data obtained

to horizon B. No correlation is made with

by Reimnitz et al. (1972) is unable to resolve
unit between horizon A and the sea-floor correlates partially to Sequence A, thus R50
should be the equivalent of horizon A. The grei 
A (Figure 2-2) compared to Sequence A (Figur
resolution of the boomer over the sparker system. R20, R30, and R40 may have been
misinterpreted by Reimnitz et al. (1972) as the 
Sequence A is too thin to resolve on the sparkei

and

East of the study area, R30, R40, and R50 
al. (1985) (Table 6-1). This was done by comparing 
a profile (Line 66-77) interpreted in this study 
to their surface 3, and R40 equals surface 4. Wo 
4 converge on the inner shelf and to the west, 
mapped as R30=R40 in this thesis (Figure 5-6). 
ties to surface 5? (Wolf et al., 1985). The Hoi 
(Figure 2-5) correspond to Sequence A. Holocen 
to the east of the study area and become pate] 
Sequence A in eastern Harrison Bay is the same 
correlation is not possible, because Sequence A

57

these sequences on the inner shelf. The

ter thickness of sediments above horizon 
5-12) can be explained by the improved

base of the Holocene marine unit where 
profiles.

are tied to reflectors identified by Wolf et 
two-way travel times (TWT) between 

by Wolfetai. (1985). R30 corresponds
Fet al. (1985) showed that surfaces 3 and 
he area where these surfaces converge is 
R50 north of Prudhoe Bay (Figure 5-12)

Dcene marine sediments above surface 5? 
marine deposits are restricted to lagoons 
y west of Prudhoe Bay. I assumed that 
Holocene marine unit to the east. Direct
s patchy to nonexistent between the two
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deposits and can not be traced on the acoustic {profiles. The above correlations show that
the acoustic sequences developed in this stud)
reflectors identified by Wolf et al. (1985) east < F the study area.

erh DSThe western part of the study area ov< 
terpreted by Craig and Thrasher (1982) and V 
contrast with their interpretations.

inter ace

Craig and Thrasher's (1982) Unit A corre 
sediments above Unit A are Holocene marine, 
A (Tfcble 6-1). However, my interpretation of 
suggestion that rough hummocky reflectors in 
plain surface. I agreed with an alternative su 
this reflector is caused by an ice-bearing 
differences in the interpretation of the lower b 
differences in distribution and thickness of Hole 
(1982) suggested that Holocene marine sedime 
direction, whereas I suggested that Holocene 
in a seaward direction (Figure 5-12). If my 
marine unit mapped by Craig and Thrasher ( 
tribution of Holocene marine deposits.

Craig and Thrasher (1982) interpreted an 
posits to occur seaward of a buried bluff that 
mapped the position of the "bluff" as the Aco

correlate to deposits between continuous

the survey grid of acoustic profiles in- 
alsted (1986). I was able to compare and

sponds to my Sequence B; they infer that 
similar to my interpretation of Sequence 
the Holocene marine contrasts with their 
Harrison Bay represent a buried coastal 
gestion (Craig and Thrasher, 1982) that 

rather than a lithologic horizon. The 
undary of the Holocene marine results in
cene marine deposits. Craig and Thrasher 
ts thicken from 2 m to 25 m in a seaward
narine sediments (Sequence A) pinch out 

interpretations are correct, then the Holocene 
982) overestimates the thickness and dis-

abrupt thickening of Holocene marine de- 
marks the position of a paleoshoreline. I 
stic Transmission Boundary (ATB) (Fig- 
that the "bluff may represent an abruptures 5-7 and 5-8). Craig et al. (1985) suggestec 

depth change to the top of the ice-bonded permafrost horizon, thus the "bluff"may not be 
a buried geologic contact. A paleodelta sequence preserved proximal to the ATB suggests 
that a paleoshoreline and embayment are present. Prograding delta foresets downlap on 
to Craig and Thrasher's (1982) Pleistocene Unit
R40(?) correlate to the surface of Unit B. De 
that existed seaward of the ATB. Based on th 
hummocky reflectors, the embayment fill may 
sediment. Vralsted (1986) interpreted regions 
oembayment, as acoustically clean (where mor

B. Several reflectors, R20(?), R30(?), and 
taic sediments filled the paleoembayment 

acoustic transparency and lack of rough 
have been relatively free of ice-bearing

with several reflectors, such as the pale- 
acoustic energy is transmitted to deeper

reflectors) sediments that are free of ice. He suggests that rough reflectors are a transition
from ice-bonded to the ice free zones. Partially 
with rough hummocky reflectors (Figures 11-6 
reflectors appears to define the distribution of r 
aerially exposed side of the paleoshoreline, anc 
free marine deltaic deposits that filled the pal 
to be a buried bluff; however, the ATB appear:

The age of this inferred paleoshoreline is
Thrasher (1982). The age of the paleodelta sequence proximal to the ATB would be useful
in determining the age of the paleoshoreline. 
located east of the study area on the Beaufort
B.P. when fluvial flux to the shelf was high. The relatively high angle of the buried delta
foresets indicate a relatively high energy deposit

bonded permafrost in boreholes correlate 
and 11-7). The area of rough hummocky 
diet permafrost that aggraded on the sub- 
the acoustically clean zone represents ice 
oembayment. The ATB does not appear 
to show the position of a paleoshoreline.

uggested to be Pleistocene by Craig and

Dinter (1985) suggested that paleodeltas, 
shelf, were deposited about 36,000 years

onal environment compared to the present
Colville Delta. Delta progradation was less likely to occur during the drier climate that
was present between 36,000 and 12,000 years B 
the coastal plain (Carter and Galloway, 1985).
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sequence in Harrison Bay could be Holocene or older than 36,000 years B.P.. In Section 
6.5,1 suggest that a Holocene age is unlikely.

R50 becomes discontinuous and appears "pitted" (Figure 5-13) in eastern Harrison 
Bay. Craig and Thrasher (1982) suggested some of the "pitted" features may relate to cut 
and fill channels, filled thaw lakes, and a buried tundra surface. Vralsted (1986) suggested 
that gas-bearing sediments may cause pitted reflectors, spotty reflectors, acoustical voids, 
and acoustic "windows" to deeper reflectors. The "pitted" reflectors that Vralsted (1986) 
describes coincide with the "pitted" R50. I noted that R50 was discontinuous where Se 
quence A is thin and well preserved where Sequence A is thick. Perhaps strudel scour and 
ice gouging has removed some of the R50 interface. Partial strudel scouring may have 
penetrated and reworked some of R50, thus R50 appears "pitted". Where Sequence A is 
thin, R50 may have been disrupted by recent ice gouging. If R50 was formed in a marine 
environment, then the "pitted"character is probably not caused by relict coastal plain 
features. I suggest that R50 formed in a shallow marine environment, and subsequent 
burial has preserved R50 from ice gouging and strudel scour.

Two shelf normal profiles (Lines 751-77 and 753-77) were used to correlate the inner 
shelf stratigraphy to the outer shelf stratigraphy of Dinter (1982) (Table 6-1). This was 
done by comparing the profiles interpreted in this study to an isopach map of Holocene 
sediments (Unit A) (Dinter, 1982). Sequence A/B is the equivalent of Unit A, and R45 
lies between Unit A and Unit B on the outer shelf. Unit B correlates to the upper part 
of Sequence B on the outer shelf (Plate 1, Cross-section A). The lack of age information 
on Sequence A/B and Sequence B on the outer shelf provides no insight on Dinter's 
(1982) interpretation of Unit A as a Holocene transgressive deposit. Also, Sequence A 
(Holocene marine) can not be tied to Sequence A/B, because Sequence A/B wedges out 
on the middle shelf. Sequence A/B lies above thus postdates part of Sequence B on 
the outer shelf. A 14C age within Sequence B on the inner shelf is Holocene (Figure 
5-15). This could be interpreted to suggest that Sequence A/B is as young as Holocene, 
because Sequence A/B lies above Sequence B on the outer shelf. However, based on 
the stratigraphic framework (Plate 1, Cross-section A), it is possible that Sequence A/B 
is deposited within Sequence B, not above. Age determination of the R45 interface is 
necessary to make further interpretations.

The acoustic stratigraphy reported here is in agreement with the work of Reimnitz and 
Maurer (1978) and Reimnitz and Kempema (1984) on the origin of shoals. These studies 
suggest that Stamukhi Shoal was constructed during the Holocene transgression, based on 
evidence from acoustic reflection records (Reimnitz et al., 1972). Their interpretation is 
consistent with the observation that R50 is flat beneath Stamukhi Shoal. This is contrary 
to Lewellen's (1977) interpretation that linear shoals on the inner shelf are drowned barrier 
islands. I also agree with Reimnitz and Maurer (1978) that Stamukhi and Cat Shoals are 
constructed over a different stratigraphic unit than the unit beneath Loon Shoal. This 
relationship was explained in Section 5.1. Reimnitz and Maurer (1978) point out that the 
differences in stratigraphic framework beneath the shoals could account for differences in 
surficial composition of the the shoals.

Other shoals were compared to Stamukhi Shoal to determine if the shoals have a 
common origin. Weller Bank is superficially similar to Stamukhi Shoal both lithologically 
and in ice gouge density (Barnes and Reiss, 1981). Reimnitz and Kempema (1984) point 
out that Stamukhi Shoal is more linear and has higher relief than Weller Bank. Per 
haps this observation indicates that Stamukhi Shoal has encountered more reworking and 
modification than Weller Bank has. The sub-bottom of Weller Bank is different from the
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subsurface of Stamukhi Shoal. Weller Bank app 
overlies a local zone of relict permafrost (Sectio 
structional feature, because the shoal is deposited 
the Holocene transgression. The linearity and 
structional processes, reworking, and possibly 
the relatively stable Weller Bank. Stamukhi Sh 
depositing reworked sediments over Sequence j 
that Stamukhi Shoal appears to be migrating t 
25 year period show that the shoal crest has n 
has moved landward in others. At one location 
displacement is measured to be about 200 m in

ars to be a relict form, because the shoal 
5.1). Stamukhi Shoal is a Holocene con- 
over R50. R50 is interpreted to relate to 

relief of Stamukhi Shoal suggests that con- 
migration of the shoal is more active than 

al may have migrated landward over R50 
. Reimnitz and Maurer (1978) indicated 
owly landward. Their observations for a 
mained stationary in some locations and 

the shoal crest the maximum landward 
25 years.

The migration of Stamukhi Shoal is infer 
and the interpretation that R50 represents a 
truncates at the sea-floor in areas mapped by 
consolidated mud outcrops on the leeward side 
These outcrops are consistent with truncation 
the acoustic profiles. This supports the conten 
solid at ed surface where lithologic contacts do 
11-14). An overconsolidated layer, possibly th 
marine deposits, is expected to produce a stron 
the interpretation of R50 as a Holocene transg 
Shoal migrated over R50 during the Holocene t

ed from the physical properties of R50, 
basal Holocene transgressive surface. R50 

Reimnitz and Kempema (1984) as over- 
and northwest flank of Stamukhi Shoal, 
of R50 at the sea-floor as observed on 

ion that the R50 interface is an overcon- 
not correlate with R50 (Figures 11-13 and 

basal transgressive surface of Holocene 
and continuous reflector such as R50. If 

ressive surface is correct, then Stamukhi 
ansgression.

Processes leading to overconsolidation are 1 
and thawing of sediment (Chamberlain et al., 1 
leads to overconsolidation of sediments may 01 
exposed during sea-level lowstands, or in the s. 
grounds to the sea-floor (Lee et al., 1985). Als 
relatively fresh sediment pore water can cause 
result in overconsolidation of the sediment (Luna rdini 
Foraminifera within overconsolidated mud indie 
setting (Reimnitz et al., 1980, citing Ron Ech< 
one sample containing the shallow marine for? 
B.P. (Station 41, 72AER 188) (Reimnitz et al. 
overconsolidated mud may have formed close t 
as suggested by Reimnitz et al. (1980). Three 
280, and 11,890 ± 200 years B.P., Stations 23 7 
129) of sea-floor overconsolidated muds reporte 
range expected of the Holocene transgression, 
shown in Figure 6-1. One overconsolidated samp 
in a strudel scour crater in Gwydyr Bay; a da 
resulted on the peat.

An overconsolidated mud, containing marin 
base of Loon Shoal (Figure 6-1) was 14 C date 
72AER 183) (Reimnitz and Maurer, 1978). This 
over an overconsolidated mud that relates to a 
R50 was not observed beneath Loon Shoal.

A dive observation (Reimnitz and Maurer 
sandy gravel within Cat Shoal. The consolid
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elieved to be caused by alternate freezing 
78). Alternate freezing and thawing that 
cur when the shelf surface is subaerially 
allow marine environment where fast ice 

o, contact of cold hypersaline water with 
ce-bonding of the sea-floor sediment and 

i, 1981; Sellmann and Hopkins, 1983). 
te deposition in a shallow (2-4 m) marine 
Is, unpublished data). A * 4 C date from 
minifera was dated at 4,360 ± 95 years 
1980). This evidence suggests that some 
the basal Holocene transgressive surface 
other 14 C dates (3,466 ± 292, 11,810 ± 
AER 122, 29 72AER 183, and 46 72AER 
by Reimnitz et al. (1980) are within the 

The locations of these dated samples are 
le deposited above a peat bed is exposed 

e of 4,118 ± 189 years B.P. (Station 32)

pelecypods, that outcrops at the seaward
at 11,280 ± 280 years B.P. (Station 29

suggests that Loon Shoal was constructed
Holocene transgressive surface. However,

1978) describes patches of consolidated 
ted sediments above R50 is inconsistent
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Figure 6-1. Locations of transects and 14 C dated samples. Solid transect line ties boreholes 
BE) of Benton Engineering (1970) to gravel pit (KUP) stratigraphy of Rawlinson 
1986J. Dashed line shows location of a borehole transect constructed by Smith et al. 
1980). Boreholes (PB) form Hopkins, 1977 and (HLA) Harding-Lawson (1979) are 

plotted on the transect. Station locations of 14 C dated samples are also plotted.

62



with the suggested Holocene age for deposits above R50, assuming that the sediments 
were consolidated subaerially.

6.2 Correlation of Acoustic Stratigraphy

Correlation was possible with the boreho 
because the acoustic stratigraphy was correlated 
et al., 1985). Based on Smith's (1986) correlal 
to boreholes, I was able to tie the acoustic sequ 
(1985) (Table 6-1).

e stratigraphy by Smith (1985 and 1986), 
to reflectors east of the study area (Wolf 

on of surface 3 (R30) and surface 4 (R40) 
ences to the borehole stratigraphy of Smith

Sequence C, between R30 and R40, coi 
(Smith, 1985). Smith (1986) describes this 
ing a beach gravel with an erosional upper contact 
strong reflector by the nature of the lithologic 
would produce varying reflector amplitudes, 
tic interpretation of Sequence C as a marine c 
(R40).

responds to the Leffingwell Lagoon Unit 
nit as marine silt and clayey silt overly- 

The lower contact would produce a 
interface, and the upper erosional surface 
'he description of this unit fits the acous- 
eposit that has an erosional upper surface

The Maguire Island Unit mantles the eiosional 
R40. Thus, the Maguire Island unit correlate 
described this unit as shallow shelf and delta 
deltaic deposits originated from high terrigenoi

The next younger unit, the Cross Island 
Sequence B. Smith (1985) notes that the Cro 
and suggests a correlation to the Flaxman 
identified in one borehole, the Mikkelsen Bay 
deposits of Flaxman Member lithology. This 
and fill channels observed in the upper part 
correlate with the Mikkelsen Bay Unit.

Unit, correlates to the upper portion of 
s Island Unit has Flaxman-like lithologies 
ember of the Gubik Formation. She also 

Unit, a cut and fill deposit with channel lag 
unit cuts into the Cross Island Unit. Cut 
f Sequence B in the acoustic profiles may

The youngest unit, the Stefansson Sound 
and deltaic deposits. (Smith, 1985). The base 
al., 1985). Based on this, I interpreted Sequen 
Sound Unit. Smith (1985) described the upp 
unit in borehole HLA-14 as similar to recent 1

Several boreholes from the Prudhoe Bay 
1979; Hartz et al., 1979) are interpreted and 
cross-sections by Smith et al. (1980). Oneofth 
study area (Figure 6-1). Two boreholes from 
16 and 11-18), are tied directly to the acoustic 
the acoustic reflection data that networks th 
landward of Reindeer Island, are of poor quali

A stratigraphic cross-section (Figure 6-2) 
from the shore near the ARCO West Dock to 
(Smith et al., 1980). Their interpretation sh 
gravel deposits overlying Pleistocene fluvial ani 
Holocene marine unit over Holocene beach g: 
the sediments above the base of the Holocen 
broad trough containing ponded Holocene sed ment 
ure 6-2) is interpreted by Hopkins et al. (1979)

63

to Offshore Borehole Stratigraphy

unconformity that corresponds to 
to the base of Sequence B. Smith (1985) 
front deposits. She suggested that thick 
s influx during the Sangamon interglacial.

Unit, is interpreted to be Holocene marine 
f this unit correlates to surface 5? (Wolf et 
:e A to be the equivalent of the Stefansson 
r part of borehole HLA-15 and the entire 
.goonal deposits.

region (Hopkins, 1977; Harding-Lawson, 
the stratigraphy summarized in geologic 

eir transects is on the eastern margin of the 
ttiis transect, HLA-4 and PB-2 (Figures 11- 

stratigraphy of this thesis. Unfortunately, 
borehole data in the Prudhoe Bay area, 

y. I was unable to interpret these lines.

is constructed from a transect of boreholes 
5 km beyond Reindeer Island (Figure 6-1) 
>wed Holocene deltaic, marine, and beach

glaciofluvial deposits. The contact of the 
avel presumably corresponds to R50, and

marine are equivalent to Sequence A. A 
that overlies Pleistocene gravel (Fig- 

as a buried paleovalley. Landward dipping
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tie

reflectors are evident in the interpretation of 
A (Plate 1). These landward dipping reflectors 
paleovalley. Boreholes indicate the seaward 
were not excavated during the formation of 
Pleistocene Sangamon marine sediments mantl 
A continuous R30=R40 is correlated to boreh 
11-18). The same reflector is not as well defined 
borehole HLA-4. An offset in correlation with 
of the borehole from the acoustic profile. Bas 
B in this region correlates to Sangamon marin 
Pleistocene fluvial sand and gravel. Sequence 
is undifferentiated from Sequence D in the acoustic

Two boreholes offset from the borehole t 
to the acoustic stratigraphy. Borehole HLA-3 
and Flaxman Member deposits (Hartz et al., 
marine sediments that grade into Middle Pleis 
are absent on the acoustic profile that is corre 
Presumably, Flaxman and Holocene marine 
profiles. The lower gradational contact of 
acoustic signal. The above evidence suggests 
exists at boreholes HLA-3, HLA-4, and PB-2.

Sequence B is equal to Holocene beach deposi
interpretation of Sequence B in the acoustic pro ile tied to borehole HLA-5 is not consistent
with Sequence B lithologies found in other bo 
presence of a trough makes the correlation to

H50 and deeper reflectors in Cross-section 
may represent the seaward flank of the 

ank where Pleistocene marine sediments 
paleovalley. North of Reindeer Island, 

e the Pleistocene fluvial unit (Figure 6-2). 
le PB-2 north of Reindeer Island (Figure 

in the acoustic profile that is tied to 
t orehole HLA-4 may be due to the distance 

d on the position of R30=R40, Sequence 
deposits, and Sequence D corresponds to 

1 is likely to occur below Sequence D, but 
and borehole data.

ansect (Hartz et al., 1979) are correlated 
as less than 1 m each of Holocene marine 
1979). These deposits overlie Sangamon 
ocene gravel outwash. Sequences A and B 
ated with borehole HLA-3 (Figure 11-15). 

deposits are too thin to resolve on the acoustic 
Sang imon marine sediments may not reflect an 

hat no paleovalley (Hopkins et al., 1979)

In borehole HLA-5, Sequence A corresponds to Holocene marine silt and clay, and
3 (Figure 11-17) (Hartz et al., 1979). The

eholes. The contrast in lithology and the 
Sequence B suspect. The top of Sequence

E correlates to Late Wisconsin outwash (Figute 11-17). Borehole HLA-5 supports the 
extension of the paleovalley trough west fromi the borehole transect (Figure 6-2). The 
seaward flank of the trough is seen in an acoustic profile (Line 13-72) (Plate 1, Cross- 
section A). A westward or seaward extension o
Line 13-72, could not be confirmed with the exis 
turned seaward between boreholes HLA-5 and 
profile (Line 21-72) suggests the paleovalley di<

6.3 Correlation of Acoustic Stratigraphy

The stratigraphy of gravel pits between th 
1986) is correlated to offshore borehole and 
gested a northward thinning fluvial or glacioflu 
the coastal plain (Figure 2-1). He indicated th 
(Ugnuravik sand) is deposited above the Ugnur 
overlies Ugnuravik Sand. I extended this onsh 
that were used in constructing Cross-section '. 
ure 6-3) indicates the likely correlation of 
Sequence E is an offshore extension of the

6.4 Chronostratigraphy

An attempt was made to organize the acoustic 
raphy, and onshore stratigraphy on a Quaternary 
chronology of marine transgressions on the Ar

65

the trough, beyond borehole HLA-5 and 
ing data. It is possible that the paleovalley 
HLA-3. The lack of trough in a boomer 
not extend east of borehole HLA-5.

to Onshore Stratigraphy

Colville and Kuparuk Rivers (Rawlinson, 
acoustic stratigraphy. Rawlinson (1986) sug- 

ial fan (Ugnuravik gravel) is deposited on 
,t between 1.5 m and 1.9 m of eolian sand 
,vik gravel. About 0.5 m of lacustrine peat 
>re stratigraphy to a transect of boreholes 
* (Plate 2). The resulting transect (Fig- 

Ugn aravik gravel to Sequence E. Presumably, 
onshore fluvial and glaciofluvial fan.

stratigraphy, offshore borehole stratig- 
geologic time scale (Table 6-2). The 

otic Coastal Plain have been established



O
5

2
0

H
O

R
IZ

O
N

T
A

L
 

N
O

T
 T

O
 S

C
A

L
E

 

C
O

A
9T

A
L

 
P

L
A

IN
_
_
_
_
_
_
_
_
_
 _

 S
IM

P
S

O
N

 L
A

G
O

O
N

 
_ 

B
E

A
U

F
O

R
T

 S
E

A
-
 

 
 
 
 
 
 
 

_
_
._

_
_
.-

-T
»
_
_
_
_

_
 

I 
 
 
 
 
 

_
-.

_
  
 
 
 

-T
T

-_
. 

_
_

-
-
 

T
I
L

-
 

^
 
 
 
 
^
B

B
^
^
^
 
^
^
^
 
 
 
 
 

. 
..
 

_
_
_
_
.-

_
-
 

, 
 
 

_
_

«
^
^
^
.
 

^
^
F

"
 
 

' 
I 

 
 
 
 
 
I
 

l
»

.
l
 

.
.
.
.

0-
10 i U

I 

U
I -2

0

-3
0

-4
0

K
U

P
C

K
U

R
D

P
IN

G
O

K
 I

S
L

A
N

D

B
E

-1
0 

B
E

-1
2
r\

 
S

E
A

-L
E

V
E

L

->
--

-
  
 
 
 
 

 

n^
-T )/\
:

">
«

j.
q

A
?

E

0
-6 ;>
>-

:

>
'*

X

SO

E
X

P
L

A
N

A
T

IO
N

U
S 

U
gn

u
ra

vi
k

 S
an

d
, 

E
ol

ia
n 

S
an

d
s 

(R
aw

li
n

so
n

, 
19

86
)

U
G

 
U

gn
u

ra
vi

k
 G

ra
ve

l, 
F

lu
vi

al
 a

nd
 G

la
ci

of
lu

vi
al

 D
ep

os
it

s 
(R

aw
li

n
so

n
, 

19
86

)
v
 o

 
P

ri
m

ar
il

y 
S

an
d

 a
nd

 G
ra

ve
l

: :
:"

:: 
 

P
ri

m
ar

il
y 

S
an

d
:r>

>I
 

P
ri

m
ar

il
y 

M
u

d
 

 «
  

P
ea

t
 
 
 

In
fe

rr
ed

 C
on

ta
ct

Fi
gu

re
 6

-3
. 

C
or

re
la

ti
on

 o
f 

Se
qu

en
ce

 E
 (

E
) 

fr
om

 o
ff

sh
or

e 
bo

re
ho

le
s 

to
 U

gn
ur

av
ik

 g
ra

ve
l 

in
 o

ns
ho

re
 g

ra
ve

l 
pi

ts
 (

K
U

P)
. 

G
ra

ve
l 

pi
t 

st
ra

ti
gr

ap
hy

 i
s 

af
te

r 
R

aw
lin

so
n 

(1
98

6)
. 

P
it

, 
bo

re
ho

le
, 

an
d 

tr
an

se
ct

 l
oc

at
io

ns
 a

re
 p

lo
tt

ed
 o

n 
Fi

gu
re

 6
-1

.



T
ab

le
 6

-2
. 

C
or

re
la

ti
on

 o
f 

Q
ua

te
rn

ar
y 

de
po

si
ts

 o
f 

th
e 

B
ea

uf
or

t 
S

ea
 s

he
lf

 a
nd

 A
rc

ti
c 

C
oa

st
al

 P
la

in
. 

D
ot

te
d 

li
ne

 s
ho

w
s 

co
rr

el
at

io
n 

be
tw

ee
n 

un
it

s.
 S

ym
bo

ls
 f

or
 S

m
it

h 
et

 a
l. 

(1
98

0)
 a

re
 s

ho
w

n 
in

 F
ig

ur
e 

6-
2.

O
i

" *

Q
U

A
T

E
R

N
A

R
Y

 
T

IM
E

 
S

C
A

L
E

Y
E

A
R

S
 

(k
a)

H
O

L
O

C
E

N
E

b
) z  J 0 H 50 U 0
. u H U

5 2 O U on £

L
at

e

23

M
id

dl
e

64 E
ar

ly

11
5

SA
N

G
A

M
O

N

12
8

M
ID

D
L

E

P
L

E
IS

T
O

C
E

N
E

7S
O

E
A

R
L

Y

P
L

E
IS

T
O

C
E

N
E

1.
85

 M
a

+ 
H

O
PK

IN
S 

(1
96

7)

* 
C

A
R

T
E

R
 A

N
D

 
G

A
LL

O
W

A
Y

 
(1

98
5)

(7
0-

80
 k

a)

+
P

el
uk

ia
n

(1
20

-1
90

 k
a)

-l
-K

ot
se

bu
an

 
 W

ai
nw

ri
gh

ti
an

"
(>

 
15

8 
ka

)

* 
F

is
bc

re
ek

ia
n

(1
.8

7 
M

a
-2

.4
8 

M
a)

S
M

IT
H

 
(1

98
5 

A
N

D
 

19
86

)
S

T
E

F
A

N
S

S
O

N
 

S
O

U
N

D
  

  
  

U
N

IT

M
IK

K
E

L
S

O
N

B
A

Y
 

U
N

IT

U
N

IT

M
A

G
U

IR
E

 
  

  
IS

L
A

N
D

 
..

.
U

N
IT

L
E

F
F

1N
G

W
E

L
L

 
  
  

L
A

G
O

O
N

""
 

U
N

IT

W
O

L
F

 E
T

 A
L

. 

(1
98

5)

U
N

IT
'A

BO
V

E 
s?

"

U
N

IT
B

E
L

O
W

 
5?

A
N

D
A

B
O

V
E

 4

U
N

IT
 

.B
E

T
W

E
E

N
- 

S 
A

N
D

 4

U
N

IT
B

E
L

O
W

 
S

TH
IS

 S
TU

D
Y

S
E

Q
U

E
N

C
E

 A

S
E

Q
U

E
N

C
E

 B

A
T

B
?-

--
--

 
D

E
L

T
A

?

A
/B

?

S
E

Q
U

E
N

C
E

 B
  

S
E

Q
U

E
N

C
E

 C

S
E

Q
U

E
N

C
E

 D

C£
 IT

 f
 1

 f
 1

 V
 IM

 f*
 T

 
C

*

C
R

A
IG

 
A

N
D

 
T

H
R

A
S

H
E

R
 

(1
98

2)

A
B

O
V

E
 

U
N

IT
 A

U
N

IT
 A

D
A

 t
 m

S
H

O
R

E
L

IN
E

?

U
N

IT
 

B

D
IN

T
E

R

(1
9

8
2

)

  U
N

IT
 A

U
N

IT
 B

-

S
M

IT
H

 
E

T
 A

L
.

(1
98

0)

Q
H

d 
Q

H
m

 
Q

H
b

Q
P

a

F
L

A
X

M
A

N

SA
N

G
A

M
O

N
M

A
R

IN
E

Q
P

a

R
A

W
L

1N
S

O
N

 

(1
98

6)

U
G

N
U

R
A

V
IK

S
A

N
D

F
L

A
X

M
A

N

U
G

N
U

R
A

V
IK

 
G

R
A

V
E

L
.



using thermoluminesence (TL) and amino-acid dating methods (Hopkins, 1967; Carter 
and Galloway, 1985; Brigham, 1985; Carter et al., 1986).

The chronology based on offshore acoustic stratigraphy (Craig and Thrasher, 1982; 
Dinter, 1982) is also shown in Table 6-2. These inferred ages have not been confirmed by 
dating.

The ages of my Sequences B, C, and D were based primarily on correlation to offshore 
borehole stratigraphy (Smith, 1985). Smith (1985) bases this chronologic interpretation 
(Table 6-2) on amino-acid dating, sediment texture, and biostratigraphy. The acoustic 
stratigraphy of Wolf et al. (1985) provides the link that makes correlations to the boreholes 
possible.

The borehole chronostratigraphy of Hartz et al. (1979) and Smith et al. (1980) 
correlates Sangamon marine deposits with the lower part of Sequence B. Sangamon marine 
sediments are equal to the Maguire Island Unit (Smith, 1985). The Flaxman Member 
correlates with the upper part of Sequence B and Smith's (1985) Cross Island Unit. The 
Holocene marine sediments also fit well with Sequence A. Middle Pleistocene gravels that 
correlate with Sequence D fit better with Sequence E's depositional environment. The 
interpretation of Sequence D in the vicinity of the boreholes may be incorrect as Sequence 
D may pinch out above Sequence E. Sequence E in borehole HLA-5 corresponds to Late 
Wisconsin paleovalley fill. This age is much younger than the age suggested for Sequence 
E from the the onshore correlation to Ugnuravik gravel.

Ugnuravik gravel may be deposited over Fishcreekian marine transgressive deposits 
of the Harrison Bay Quadrangle (Section 2.1). Since Sequence E correlates to Ugnuravik 
gravel, Sequence E is probably not older than Fishcreekian transgressive deposits (1.9 Ma 
to 2.5 Ma) (Carter and Galloway, 1985). An older minimum age than Rawlinson's (1986) 
TL dates (150,200 ± 11,000 years and 221,400 ± 17,000 years B.P.) of Ugnuravik gravel 
is suggested for Sequence E (Table 6-2). On the inner shelf, Sequence D on laps Sequence 
E. If my correlation of Sequence E to Ugnuravik Gravel is correct then a minimum age 
older than Sequence D (Middle Pleistocene) is expected. The age suggested for Sequence E 
(Table 6-2) is consistent with older ages (1.7 - 2.4 Ma) suggested for Ugnuravik gravel based 
on the presence of fossil wood (larch) within Ugnuravik gravel deposits (D.M. Hopkins and 
S.E. Rawlinson, personal communication, 1987).

6.5 Sea-level History

The results of this study were compared to an existing local (Beringian) Quaternary 
sea-level curve (Figure 6-4) (Hopkins, 1982). This curve is plotted from data of the Bering, 
Chukchi, and Beaufort Seas and coasts after Hopkins (1973), Hartz et al. (1979), Hopkins 
et al. (1981), and McManus et al. (1982).

14 C age-depth relations of two borehole samples (Section 5.2) are compared to the 
Holocene part of the Beringian sea-level curve (Figure 6-4). A dated detrital peat from 
borehole HL A-12/82 is plotted on the Beringian curve (Figure 6-4). A single marine gas 
tropod from a sample 30 cm below the peat suggests that the peat was deposited close 
to a former sea-level. Such a deposit is expected to plot close to the sea-level curve. The 
age-depth position is significant, because it suggests that the overlying R50 (Figure 5-15) 
relates to a Holocene transgressive surface. The influence of tectonism on the sample 
depth should be negligible in this region (Biswas and Gedney, 1979; Grantz et al., 1983). 
Possible subsidence due to thawing of subsea permafrost may have displaced the sample 
depth. Based on a comparison to borehole EBA-8, ice-bonded sediments may be within 4 
m below the dated sample. However, the fine grained deltaic and marine sediments above
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the ice-bonded layer is not ice-bearing. Thaw settlement is probably insignificant if the 
underlying ice-bonded layer is relict permafrost. Reimnitz et al. (1985) concluded that 
thaw settlement is less important in lowering the sea-floor elevation compared to sea-floor 
erosion. They suggested a maximum thaw settlement of less than 1.5 m for a transect 
west of Harrison Bay. The age-depth relation of a sample from borehole HLA-2/82 is also 
plotted on the Beringian sea-level curve. This peat deposit is interpreted as a coastal plain 
deposit that had accumulated at an elevation up to 15 m above a former sea-level and 
has since been buried below sea-level. Deposition above sea-level seems likely, because the 
dated sample plots above the sea-level curve (Figure 6-4).

The inferred paleoshoreline (Craig and Thrasher, 1982), ATB, and buried deltaic 
sequence (Figures 5-8 and 5-11) are compared to the Beringian sea-level curve (Figure 
6-4). The interpretations are speculative since the shoreline and delta are not dated. The 
delta sequence may have been deposited the same time as other buried deltas on the 
Beaufort shelf, about 36,000 years B.P. (Dinter, 1985). A series of sea-level peaks that are 
below present sea-level occurred during Hopkins's (1982) Boutelier interval from 60,000 
to 28,000 years ago (Figure 6-4). Samples from offshore boreholes and gravel pits on the 
coastal plain were dated with 14C (Hartz et al., 1979; Hopkins et al., 1981) and interpreted 
to construct the sea-level curve between 45,000 and 20,000 years B.P. (Hopkins, 1982). 
Middle Pleistocene sea-level is shown to peak below present sea-level in sea-level curves 
from the North American Atlantic and Gulf of Mexico coasts (Curray, 1965; Milliman and 
Emery, 1968; Dillion and Oldale, 1979). Craig and Thrasher (1982) put the Harrison Bay 
paleoshoreline depth at 33 m ± 2 m below present sea-level, based on their interpretation 
of the base of a buried bluff as the former beach. I place the shoreline at 21 m below present 
sea-level based on depths to buried distributary channels; the top of the "bluff" is actually 
the top of the permafrost table which is preserved near the paleo sea-level depth. Different 
interpretation of the same shoreline results in a sea-level that is 10 m higher than Craig 
and Thrasher (1982) indicate. The shoreline elevation and tentative age is plotted on the 
Beringian curve (Figure 6-4). A buried delta offshore of Nome, on the Bering Sea shelf, 
records a former sea-level at 20 m below present sea-level (Moore, 1964) and may be of 
Middle Wisconsin age (Hopkins, 1973) or older (Hopkins, 1982). Although a Holocene age 
of the Colville River paleodelta could not be ruled out, the delta was most likely deposited 
during a Middle Wisconsin stillstand. Sea-level must have remained relatively constant for 
several thousand years for the paleodelta sequence to develop. Sea-level curves indicate 
that the Holocene transgression rose rapidly (8 mm/yr) until sea-level reached 10 m below 
the present sea-level; then the transgression rate slowed to 1.4 mm/yr (Nelson and Bray, 
1970; Kennett, 1982, p.270). The rapid Holocene transgression past the paleoshoreline 
depth probably would not have allowed for an extensive delta sequence to be deposited.

The existing acoustic stratigraphy does not significantly add to the existing sea- 
level interpretations. Sequences A and B are shown in relation to the Beringian sea-level 
curve (Figure 6-4). Sequences C, D, and E are older than the sea-level curve. Elevations 
of unconformity (reflector) pinch outs on the inner Beaufort Sea shelf are not likely to 
represent maximum sea-level highstands. Where Sequence C subcrops on the inner shelf 
(Plates 1 and 2, Cross-sections A and B) is clearly not the maximum elevation of the 
transgressive deposit, assuming the correlation of Sequence C to deposits on the Arctic 
Coastal Plain is correct. Sediment bypassed the subaerially exposed shelf during sea-level 
lowstands, and some of the acoustic sequences, such as Sequence C, were eroded (Vail et al., 
1977). Measuring the elevation of the reflector pinch out would give an inaccurate estimate 
of maximum sea-level highstand. Minimum Quaternary sea-level lowstands should be 
recorded on acoustic profiles on the outer shelf (Dinter, 1985). Because most of the data
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I interpreted are on the inner shelf, minimum Sea-level lowstands are not observed in the 
acoustic stratigraphy.

6.6 Synthesis of Quaternary Depositioua

Sometime after the Fishcreekian transgr jssio: 
glaciofluvial system deposited sand and grave 
and on the present inner Beaufort shelf (Seq 
aerially exposed during Sequence E depositioi 
eroded older marine sequences. Sea-level was 
nels may have been cut into the surface of 
Sequence E. Possibly, these paleochannels are ]

uence

Sec uence

Sea-level rose in the middle Pleistocene and 
of the unconformity at the surface of Sequence 
transgressed fluvial deposits. This reworked 
acoustic profiles. Primarily marine sediments 
unconformity. Sea-level subsided in the Middl 
low compared to the deposition of Sequence E. 
at the upper boundary of Sequence D during

A depostional sequence similar to Sequence
years B.P (Middle Pleistocene). Sea-level transgressed Sequence D and beveled the R30
unconformity and part of Sequence D. On th 
sponded to reworked gravels beneath R30=R 
wrightian(?) transgression, extended on to th 
to an altitude of 20 m (Carter and Galloway,

History

n (1.9 Ma to 2.5 Ma) a fluvial and 
on the coastal plain (Ugnuravik gravel) 

E). The inner shelf was probably sub- 
Fluvial processes deposited gravel and 

lower than the present, and fluvial chan- 
E near the end of the deposition of 

ounger than indicated here.

eventually transgressed Sequence E. Much 
) was reworked and eroded as the shoreline 
nconformity was observed as R20 in the 
Sequence D) were deposited over the R20 

Pleistocene. Fluvial influx was probably 
Another major unconformity (R30) formed 

tie sea-level lowstand.

D was deposited sometime before 158,000

inner shelf Sequence D may have corre- 
0. This sea-level rise, possibly the Wain- 
coastal plain and deposited sediment up 

1985). Then sea-level is believed to have
dropped, and another unconformity (R40) formed at the surface of Sequence C. Erosion 
on the inner shelf removed some of Sequences C, D, and E and unconformities. Where the 
R40 unconformity cut into R30 that resulted in one reflector (R30=R40) that represented
two erosional events. R40 may have eroded som 
(R20=R30=R40) represents three erosional eve

The Pelukian transgression probably peak 
of the Late Pleistocene. This transgression bev 
formities while forming the basal transgressive 
transgressive sediments were deposited on the 
mum altitude of 10 m (Carter and Galloway, 11 
Pelukian transgression may have eroded Sangamon

d sometime during the Sangamon Stage 
led the R20, R40, and R30=R40 uncon- 

surface of Sequence B. Sangamon marine 
inner shelf and coastal plain to a maxi- 
55). A lowering of sea-level following the 

marine sediments on the inner shelf.

The Flaxman Member was deposited durin 
tude of 7 m (McCarthy, 1958; Hopkins, 1982). 
within Sequence B. On the inner shelf, the Fla 
sediments north of Prudhoe Bay. Probable lag 
dent as boulder patches on the inner shelf (Reimnitz 
was not observed where Flaxman Member dep 
Sangamon and Flaxman transgressive deposits 
flies, as an unconformity was not evident with 
worked the unconformity on the inner shelf, or 
that a basal transgressive surface did not form 
1988). R45 could have represented the base of 
was the first major unconformity to overlie Seq 
ever, thick deposits of Sequence A/B were unlik
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of Sequence E and R20, thus one surface 
its.

g the Simpsonian transgression to an alti- 
Fhis was the second transgressive deposit 
(man Member overlies Sangamon marine 
deposits of the Flaxman Member are evi- 

and Ross, 1982). An unconformity 
sits overlie Sangamon marine sediments, 

were undifferentiated in the acoustic pro- 
n Sequence B. Ice gouging may have re- 

Simpsonian transgression was so rapid 
D.M. Hopkins, personal communication, 

Flaxman Member as this unconformity 
ence B and R40 on the outer shelf. How- 
;ly deposited during the brief Simpsonian
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transgression (D.M. Hopkins, personal communication, 1988).

During a fall in sea-level, after the deposition of the Flaxman Member and before 
42,000 years B.P. (Hopkins, 1982), broad valleys were cut into the inner shelf near Prudhoe 
Bay (Hopkins, et al., 1979). The marine sediments of Sequence B, including Flaxman 
Member and Sangamon sediments, were partially removed at this time.

Sea-level transgressed the inner shelf sometime during the Middle Wisconsin. Pale- 
ovalleys were backfilled in the Prudhoe Bay region (Smith et al., 1980). An embayment 
may have existed in what is now part of Harrison Bay. The embay ment was filled with 
prograding deltaic deposits, possibly from the Colville River. Sea-level appeared to have 
peaked at 21 m below the present sea-level as indicated by buried distributary channels. 
Much of the Harrison Bay region remained subaerially exposed, thus permafrost was able 
to aggrade within Sequence B deposits on the landward side of the ATB. Weller Bank 
may also have been subaerially exposed at this time.

Sea-level dropped during the end of the Wisconsin. Sediments were bypassed across 
the inner shelf and parts of Sequence B were eroded. Some of the paleochannels that cut 
into the surface of Sequence B may have formed during this sea-level lowstand.

Sea-level began to rise near the end of the Wisconsin and continues to rise in the 
Holocene. R50 seems to relate to the basal transgressive surface of the Holocene. R50 may 
have corresponded to an overconsolidated mud horizon that formed either subaerially or 
in shallow (< 2 m) water by alternate freezing and thawing. The R50 interface correlated 
to a lithologic interface at the basal transgressive surface where R50 had transgressed 
coarse grained deposits. Holocene marine deposits, up to 6 m thick, were deposited where 
R50 was well defined in eastern Harrison Bay. The likely source of these sediments was 
from the Colville River. Holocene marine sediments were also deposited landward of 
barrier islands in the Prudhoe Bay and Stefansson Sound. The extent and thickness 
of Holocene deposition was less clear where R50 is not well defined. Holocene marine 
sediments may have been mixed with older sediments by ice gouging and strudel scouring. 
The construction and migration of Stamukhi Shoal likely began sometime after the onset 
of the Holocene transgression. Stamukhi Shoal appears to have migrated landward over 
R50 causing the deposition of reworked sediment over Sequence A.

7 CONCLUSIONS AND RECOMMENDATIONS
The acoustic stratigraphic framework defined a regressive (fluvial) depositional se 

quence that was onlapped by at least five transgressive sequences. TVansgressive sequences 
dipped offshore and wedged out on the inner shelf. Reflectors also outcropped or sub- 
cropped on the inner shelf. Holocene marine sediments were thin to absent on the inner 
shelf. The lack of preservation of Holocene transgressive deposits and preservation of older 
transgressions presented a paradox. Ice gouging may account for the absence of Sequence 
A, or the rapid rate of the early Holocene transgression prevented the formation of a 
basal reflector. After the deposition of Sequence E, regressive deposits were not preserved 
between transgressive events, except for the upper part of Sequence B. A better under 
standing of Quaternary climate, occurrence of sea-ice in the past, and paleobathymetry 
may provide more insight to unanswered questions.

Tentative ages were assigned to older acoustic sequences based on correlation to pre 
vious work. 14C analysis from this study verified Holocene marine deposits.

Glacioeustatic sea-level fluctuations were the primary control on sequence deposition. 
Deposition was low between transgressions, except Sequence E and the upper part of
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Sequence B. A Middle Wisconsin(?) stillstand jwas well preserved within Sequence B. 

Reflectors on the acoustic profiles were confirmed to be caused by subsea permafrost
with borehole stratigraphy. The distribution o: 
appeared to be controlled by the embayment 
sin(?) stillstand in Harrison Bay.

Gas-bearing horizons and attenuated zones were 
tic character of the reflectors. Some of the gas-b 
with apparent fault planes and the paleodelta

a discontinuous partially-bonded horizon 
and paleoshoreline of the Middle Wiscon-

This thesis has provided a stratigraphic fn,me work 
more detailed studies. Several problems exist 
a large volume of sediment on the outer she 
reflectors in the western part of the study are 
east. Additional information on the depositional 
is needed. The nature of sequence boundari 
Boreholes for paleostratigraphic and geotechni 
acoustic stratigraphy. Borehole studies could improve 
with dating, biostratigraphy, and textural methods 
in data gaps so reflectors could be correlated, 
by using a variety of acoustic sources and 
bands.

assumed to occur based on the acous- 
aring sediments appeared to be associated 
equence.

that would be useful for planning 
The chronostratigraphic significance of 

f, Sequence A/B, is uncertain. Queried 
i should be correlated to reflectors in the 

environments of the acoustic sequences 
s such as R50 are not well understood. 
:al studies could be located based on the 

knowledge of the acoustic sequences 
Additional acoustic profiles could fill 

acoustic stratigraphy may be improved 
the data over different frequency

Ihe
processing
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9 APPENDIX 1. PRINCIPLES
ACOUSTIC REFLECTION

There are several reviews of the principles 
filing (Ewing and Ewing, 1970; Sieck and Self 
1984; Among Others). Sylwester (1983) 
acoustic profiling:

of high-resolution acoustic reflection pro- 
1977; Sylwester, 1983; McQuillin et al., 

summarizes the basic technique of high-resolution

The technique requires a ship with either
emits an acoustic pulse at regular intervals
(Figure 9-1). These acoustic pulses, when reflected from the sea-floor and under 
lying geology, are intercepted by a hydrop lone that converts acoustic pressure
waves into electric signals. Onboard the sh 
and displayed on a seismic-reflection record

OF HIGH-RESOLUTION 
PROFILING

hull mounted or towed device that 
long a selected course or survey track

p these electric signals are processed 
r. This display, the seismic-reflection

record, is an acoustical image of the sea-floor and sub-bottom structure along 
the survey track.

The remainder of this appendix summarizes the basic components and theory of high- 
resolution acoustic reflection profiling.

9.1 The Acoustic Source

The acoustic source is selected based on the purpose of a particular survey. High-
:y, low energy signal. The thickness of 
iepth of penetration into the sub-bottom 
ce. In general, resolution decreases with 
of source frequency, depth penetration,

resolution acoustic sources emit a high frequen 
sub-bottom structures that can be resolved, and 
is controlled by the selection of the acoustic sou 
increasing depth penetration. The relationship 
and vertical resolution is illustrated in Figure 9-

Two acoustic sources, tuned transducers and boomers, were used to obtain data 
for this thesis. Tuned transducers, constructed from piezoelectric crystalline material, 
were operated at 3.5 kHz and 7 kHz. These high frequency profiling systems provide 
good vertical resolution but low penetration of tie sub-bottom. Boomer sources generate 
an acoustical pulse by the rapid motion of a plate against the water. The broad band 
frequency and high energy of boomer sources, compared to tuned transducers, provides 
good resolution and increased depth penetration.!

9.2 Acoustic Reflection Theory
The transmitted acoustic signal is reflected 

sub-bottom horizons. The reflection is explained 
at an interface. Some of the incident acoustic 
some energy is transmitted to deeper interfaces, 
is defined by the product of the compressional \ 
of the medium (p). The acoustical impedance cor 
Rayleigh reflection coefficient (/?) which is a ratio 
the incident wave amplitude (A,). For a plane w 
the Rayleigh reflection coefficient may be expres 
impedance (Z) by
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at interfaces such as the sea-floor and 
y an acoustical impedance (Z) contrast 

energy is reflected at the interface, and 
The acoustical impedance of a medium 
ave velocity (C) and the bulk density 
;rast between two mediums defines the 
of the reflected wave amplitude (Ar ) to 
ve at normal incidence to an interface, 
d in terms of amplitudes or acoustical
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for an interface between mediums 1 and 2 with; acoustical impedances Z\ and

MEDIUM! = piC\
MEDIUM^ = p2C\

The amount of acoustic energy that is transmi 
relation

ted through the interface is given by the

1 

where T is the transmission coefficient which can be expressed as

INTERFACE

andThe theoretical relationship of the reflection 
less acoustic energy is transmitted below an 
large. Conversely, as the reflection coefficient 
the interface into the second medium. Eventual! 
mediums are equal, complete transmission of the 
occur.

transmission coefficients explains why 
interface when the reflection coefficient is 
decreases, transmission increases through 

, as the acoustical impedances of the two 
acoustic signal through the interface will

The theory of acoustic reflection is a good a
will occur and the strength of the reflection; how 
irregularities in the medium, angle of incidence
all affect the amplitude of the reflected signal. Attenuation of the acoustic signal depends
on the physical characteristics of the sediments
pore space that contains gas can attenuate the acoustic signal. 

9.3 Vertical Resolution

pproximation that predicts if a reflection 
ever, spherical spreading, scattering from 

and attenuation of the acoustical wave

and pore spaces. For example, sediment

The ability to detect units between interfaces 
vertical resolution capability of an acoustic profil 
the vertical resolution parameters. They are the 
to noise ratio, and characteristics of the acoust 
source parameters are pulse-length and dominar 
resolution, thicknesses that can be detected between 
(Ricker, 1953) as

0.5C
* 2/

where
C = the compressional wave velocity
/ = the dominant frequency of the source
A = the dominant wavelength of the acoustic wa
For example, an acoustic signal with a dominan
pressional wave velocity of 1600 m/s will resolve
parameters are optimum.

in the sub-bottom depends on the 
ng system. Sylwester (1983) summarizes 

speed of the graphic recorder, signal 
c source. The most important acoustic 

frequency or wavelength. The vertical 
interfaces (T), can be approximated
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0.4 The Acoustic Receiver

The return acoustic signal that has reflected from interfaces is detected by a hy 
drophone by converting acoustic pressure waves to an electrical signal. Piezoelectric 
sources have a dual function as the receiving hydrophone as well as an acoustic source. 
Boomer systems require a separate receiving hydrophone or hydrophone array. A hy 
drophone array is designed to optimize the detection of the signal.

The electrical signal produced by the hydrophone is modified by signal processors. 
The purpose of signal processors are two-fold. The electrical signal is filtered to remove 
ambient noise, and then the desired signal is amplified to enhance the reflection signal. 
Band-pass filters select a range of frequencies at a desired bandwidth. Manipulation of 
the bandwidth and frequency range can filter out or reduce ambient noise. Also, verti 
cal resolution and penetration depth can be enhanced with band-pass filters. Centering 
the frequency spectrum at low frequencies improves depth penetration; however, vertical 
resolution decreases. A high frequency spectrum enhances vertical resolution but limits 
penetration. The received and filtered signal can be amplified with various gain controls. 
Manual gain controls can add a linear increase or decrease in reflector amplitude. Auto 
matic gain control (AGO) decreases high amplitude reflections and increases the amplitude 
of weak reflectors. Time variable gain (TVG) can be used to increase the amplitude of re 
flectors with increasing two-way travel time (TWT), thus TVG enhances deeper reflectors 
in the sub-bottom.

9.5 Recording the Acoustic Profile

The filtered and amplified signal is recorded graphically or on magnetic tape. Graphic 
recording results in a continuous two-dimensional acoustic image of the sea-floor and 
underlying reflecting interfaces on a roll of chart paper. The chart paper is scaled along 
the horizontal and vertical axes.

The horizontal scale represents the time duration of profiling along the ships track. 
This is converted to distance by merging time fixes (navigation points) with the time 
measured on the chart paper. Both ship speed and the speed at which the chart paper 
advances affects the horizontal scale of the acoustic profile. The accuracy of the conversion 
of the horizontal scale to distance depends on the accuracy of fix points and the distance 
between fixes.

The vertical scale on the acoustic profile represents two-way travel time (TWT). TWT 
is the time for an acoustic signal to travel from the source (S) to the reflecting interface 
and back to the receiver (R) (Figure 9-3). The graphic recorder marks the TWT of a 
reflection on chart paper with a stylus that is attached to a continuous belt (Figure 9-4). 
The sweep rate is the time of one complete pass of the stylus across the chart paper. The 
sweep rate is adjusted so the desired length of TWT is scaled along the vertical axis of 
the chart paper. The stylus is keyed so that time zero TWT (To) is at the top of the chart 
paper (Figure 9-4). Individual reflection events are then marked on the chart paper in 
descending TWT. Most of the acoustic profiles interpreted in this thesis were scaled at a 
1/4 s sweep. If a reflection (Tn) was marked by the stylus halfway down the vertical axis 
of the chart paper, a TWT of 1/8 s (125 ms) would be recorded. A continuous acoustic 
profile is achieved by numerous sweeps of the stylus and advancement of the chart paper. 
The acoustic image that results appears as a geologic cross-section; however, this analogy 
is not correct. Ideally, to interpret the acoustic profile, the TWT is converted to depth. To 
do this a velocity (C) of the acoustic wave in the medium must be determined or assumed.
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Figure 9-3. Ray path of two-way travel time (TWT) from source to receiver
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The degree to which the acoustic profile truly represents a geologic cross-section depends 
on the accuracy of the velocity determinations. The following equation converts TWT to 
depth (D):

_ C(TWT)

For the example of the reflection (TR) (Figure 9-4), the TWT of 1/8 s (125 ms) is converted 
to a depth of 100 m, assuming a velocity of 1600 m/s. Velocity assumptions and velocity 
determinations are a simplification of the velocity structure in sea water and sub-bottom 
sediments. Velocity heterogeneity in the sub-bottom is expected, thus caution is needed 
when interpreting an acoustic profile as a geologic cross-section.
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10 APPENDIX 2. AVAILABILITY OF ACOUSTIC PROFILES

A catalog available from the National Geo] 
rine geological and geophysical data available fc 
Data Center, 1987), some of which was used 
the data may be obtained from the National 
address:

hysical Data Center summarizes the ma- 
r the Beaufort Sea (National Geophysical 
n this study. The catalog and copies of
eophysical Data Center at the following

United States Department of Commerce
National Oceanic and Atmospheric Administration

National Environmental Satellite, Data, and Information Service
National Geophysical Data Center
325 Broadway, E/GC4, Dept. 426

Boulder, Colorado 80303-3328 USA
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11 APPENDIX 3. BOREHOLE CORRELATIONS
The borehole and acoustic data were Correlated by superimposing the borehole 

stratigraphy on the corresponding acoustic profile. An acoustic velocity of 1600 m/s 
was used to convert two-way travel time (TWT) to depth in meters. Interpretive line 
drawings were illustrated for each acoustic profile.
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